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Around the globe communication has been 
put into motion. New regional, national and 
international mobile radio networks have 
been developed. Most recently, West Ger- 
many’s advanced C450 cellular network, 
developed by Siemens, was put into service. 
Siemens also supplies mobile user equip- 
ment in many countries of the world. 
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A modern communication system with 
fixed subscriber equipment is principally 
characterized by the technology avail- 
able for its realization and the needs to 
be met by it. Physical conditions are 
only of secondary importance today and 
in switching and transmission technol- 
ogy they are the common property of 
design engineers. In a communication 
system with mobile user equipment, on 
the other hand, the physics of radio 
propagation has a significant influence 
on the design of the system. In addition 
to a range of radio interference factors, 
there is the problem of the disparity 
between the areas determined by geo- 
graphical conditions and the areas of 
high traffic density. Another essential 
factor is that only a limited bandwidth is 
available for providing service to all 
users, whereas the bandwidth available 
to every fixed subscribers is virtually un- 
limited nowadays. For this reason, all 
possible technological measures must be 
taken to maximize utilization of the 
available bandwidth. Finally, the wide 
spacing of the operating centers calls for 
a highly integrated operating system. 


Dipl.-Ing. Gerhard Rolle, 

Siemens AG, 

Public Communication Networks, 
Munich 


q] Existing telecommunication facilities, such as 
the radio tower pictured on the facing page, can 
be used to accommodate base station equip- 
ment and antennas (the rectangular vertical 
structures with the white weather shields) for 
mobile radio networks 


Public switched 
telephone network 
(PSTN) 


Public mobile 
radio network 


— Voice transmission MS Mobile station 

--- Signaling MSC Mobile switching center 

BS Base station OMC Operation & maintenance center 
DCP Data communication processor PSTN Public switched telephone network 
iZ Available radio frequency 


Fig. 1 System architecture of the C450 mobile radio system 
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The performance of a communication 
system with fixed subscriber equipment 
is largely determined by the system 
architecture, the available technology 
(static and dynamic processing capabil- 
ity) and the user interface (terminals and 
man-machine interface). In a mobile 
radio system, on the other hand, the 
additional effects of the limited fre- 
quency band available, the mobility of 
the terminals and the distribution of 
radio equipment throughout the service 
area must be taken into account. This 
creates additional demands with regard 
to: 


@ optimum usage of the available fre- 
quency band, 


® an economic network structure cover- 
ing the entire service area, 


e direct accessibility of users, as in the 
conventional telephone network and 


@ economic operation of the widely dis- 
persed radio equipment. 


The C450 cellular radio system satisfies 
all these requirements with its system 
architecture and the use of the latest 
technology. Its modular structure, 
moreover, permits the straightforward 
adaptation of this system to other fre- 
quency bands. 


System architecture 


The functions of the C450 mobile radio 
system are performed by a hierarchy of 
equipments (Fig. 1). The mobile switch- 
ing center (MSC) performs call process- 
ing functions both for the switching of 
calls to and from the existing public 
switched telephone network (PSTN) 
and for handing off calls from one base 
station (BS) to the next. These handoffs 
are necessitated by the movement of the 
user while making a call. By interna- 
tional agreement, the mobile user’s tele- 
phone equipment is termed a mobile sta- 
tion (MS). 


The mobile switching centers also man- 
age all the files required for locating 
mobile stations throughout the network. 
These switching centers are imple- 
mented in proven digital technology 
(EWSD digital switching equipment) 
and contain additional special software 
packages. One such feature worth men- 
tioning here is the charge data acquisi- 
tion system which records the individual 
call data. The base stations are con- 
nected to the mobile switching centers 
via common signaling channels employ- 
ing CCITT No. 7 signaling [1] for the 
exchange of all data required for con- 


Fig.2 Field-strength distribution in the Frankfurt (Main) area. The blue spots represent the location of 
the base stations and the colored areas represent the field strength for each base station 
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trolling the base stations. Apart from 
the obvious function of radio transmis- 
sion, the base stations assume all the 
radio-specific control functions in the 
system. These are mainly the signaling 
dialog with the mobile station (inaudible 
to the user), the monitoring and locating 
of the mobile station in the coverage 
area and the synchronization of the 
radio network. In addition, detailed 
radio traffic statistics are recorded and 
error messages are accumulated for 
maintenance and software diagnosis. 


An interface for a portable operation 
and maintenance terminal is provided 
for local operation. Due to the favorable 
heat dissipation characteristics and the 
fact that radio relay towers frequently 
also function as base station sites, the 
transmission equipment employed there 
is housed in compact and well-proven 
style 7R racks [2]. 


Apart from their basic radio transmis- 
sion functions, the main task of the 
mobile stations is radio path monitoring 
in the standby mode to determine the 
most favorable base station at all times. 
They also perform the operating dialog 
with the user. A special protocol, by 
means of which all the system functions 
on the radio path are verified and which 
is available to all manufacturers of 
mobile stations, was developed for the 
dialog with the base station. The 
Siemens equipment concept makes spe- 
cial allowance for the difficult installa- 
tion conditions in vehicles by dividing 
the mobile station into an operating unit 
(handset) and a transceiver unit [3, 4]. 


The mobile switching centers of the sys- 
tem are operated in the same way as the 
EWSD system, i.e. by operation and 
maintenance centers, which are con- 
nected to the mobile switching centers 
via a data communication processor 
(DCP). Since the DCP is implemented 
with the Siemens TRANSDATA® sys- 
tem, the necessary control terminals can 
be configured not only according to task 
(e.g. for maintenance of mobile switch- 
ing centers or base stations, for data in- 
put and output, etc.), but also geogra- 
phically (e.g. central terminals for the 
input and output of radio path parame- 
ters, regional terminals for the mainte- 
nance of several base stations, etc.). 
This is particularly important, as the 
C450 mobile radio system is generally 


telcom report 9 (1986) Special “Mobile Communication” 


Fig.3 Relative distance measurement produces clearly defined cell boundaries as shown here in the 
Frankfurt (Main) area 
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Fig.4 Increased channel use with queuing system 


used to provide service to an entire 
country. 


User interface 


The user interface of a public switched 
telephone network is formed by the 
internationally standardized subscriber 


Queuing system 
implemented in 
C 450 system 


Loss system 


Gain of 24 and 12% 
at 5 and 60 
traffic channels 


40 60 


Traffic channels ——» 


terminal equipment, which can be 
extended considerably by the connec- 
tion of PABXs. In a mobile radio sys- 
tem, however, the less favorable operat- 
ing conditions — predominantly in vehi- 
cles — dictate that the user equipment 
(mobile station) must offer the system 
user an appropriate user interface. On 
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the one hand, this demands different 
solutions, e.g. for the hookswitch func- 
tion or in respect of the mechanical 
design, while on the other various ser- 
vice features, such as last number redial, 
abbreviated dialing or call charge dis- 
play, must be integrated in the mobile 
station to simplify operation. Due to the 
fact that radio traffic is susceptible to 
eavesdropping, economic measures to 
safeguard the user’s privacy are abso- 
lutely essential. Speech scrambling by 
inversion is available in the C450 system 
for this purpose as a standard feature. 


To guard against unauthorized use of 
the system, each user is issued with an 
authorization card on which the user’s 
directory number and security code are 
encoded. This means that a user is 
accessible at all times and can also make 
calls billed to his own account, even 
when traveling in other vehicles (e.g. 
hire cars or taxis). 


The user interface for the system opera- 
tor is characterized by the use of video 
terminals, backed up where necessary 
by printers for the generation of hard 
copies. User guidance is performed 
either by means of menus, e.g. for local 
operating tasks in the base station, or 
by using the man-machine language 
(MML) of the EWSD system. 


Utilization of the frequency band 


The frequencies available for use in 
mobile radio systems are subject to the 
vagaries of wave propagation; at the 
same time, however, interference with 
other radio services operating in the 
Same area must be avoided. Despite 
these limitations, a modern mobile radio 
system must be designed for high traffic 
volume, and must satisfy the growing 
demand for mobile communication by 
means of favorably-priced terminals and 
call charges. 


In order to attain this objective, two 
important features have been incorpo- 
rated in the system: 


e reuse of frequencies with minimum 
geographical separation by means of a 
cellular network structure, and 

e increased channel usage by means of 
queuing operation. 


The usable radio channels in the avail- 
able frequency band are repeated in a 
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Fig.5 Traffic capacity requirements of a mobile 
radio network 


pattern of seven cells called a cluster. 
This is so arranged that each channel is 
used only once within a cluster and, as a 
rule, % of the available channels are 
assigned to each cell within the cluster 
[5]. The maximum radius of these cells is 
determined by the transmitted power of 
the mobile station, the propagation con- 
ditions of the frequency band used in the 
system, as well as by local geographic 
conditions. Mutual transmitted power 
control of the base and mobile stations 
minimizes cochannel interference from 
neighboring clusters. Since this network 
structure cannot be achieved in practice 
(due to the inhomogenous distribution 
of traffic, for example), the resulting 
field-strength distribution exhibits ex- 
tensive overlapping (Fig. 2). 


In order to reduce the cochannel inter- 
ference resulting from such overlapping 
and to make the coverage areas coincide 
with the cells, relative distance measure- 
ment has been provided in the system 
[6]. This is based on the synchronous 
operation of all base stations and the 
evaluation of differential delays of sig- 
nals received from base or mobile sta- 
tions at various distances. These differ- 
ential delays are correlated to the 
respective base stations with selectable 
parameters. It is therefore possible to 
vary the boundaries between cells over a 
wide range, and in this way to adapt the 
cells to the demands of the traffic areas 
(Fig. 3). 


The use of the individual traffic channels 
is made more efficient by the introduc- 
tion of a queuing system for channel 
allocation. This feature, for which a cen- 
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Fig.6 Traffic density in a cluster of seven cells as a function of the cell radius and the theoretical 


number of cells for homogeneous coverage 


tral control channel is a prerequisite, 
increases the utilization of traffic chan- 
nels (Fig. 4). 


Radio network architecture 


The radio network architecture is deter- 
mined primarily by the number of avail- 
able duplex radio channels and the clus- 
ter size achievable with the system tech- 
nology. 


{ Number of users 


500 1000 
Base stations ——» 


Fig.7 The relationship between the maximum 
number of mobile users and base stations in the 
Federal Republic of Germany as a function of the 
mean cell radii r actually implemented in urban 
areas 


The actual distribution of population 
density in a national network causes 
severe local fluctuations in the traffic 
density (Erl/km*) to be served by a 
mobile radio system (Fig.5). As an 
approximation, three different areas can 
be defined: 


e urban areas with very 


high traffic density: >1 Erl/km? 
e areas of medium 
traffic density: ~0.1 Erl/km? 


<(0.01 Erl/km? 


With this distribution and with cell radi 
of 2 to 30 km for a 450 MHz system, the 
most important network parameters are 
defined. 


The number of channels K per cell in a 
homogeneous service area 1s 


=a (1) 


where 


e rural areas: 


G Total number of available duplex 
channels 

c Cluster size 
(c = 71in the C450 network) 
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Fig.8 The C450 mobile radio system providing total national coverage 


The following approximation applies for 
the number of users J who can be served: 


2 Re. 

~ 100-e » Ew PN (2) 
V_ System service area [km’] 
e Traffic intensity per user [Er]] 


Ey Traffic density achievable for each 


Erl | 
= 2 


Py Percentage proportion of 


traffic arean 
K 


Rien 
Ry Cell radius of traffic 
area n [km]. 


traffic area n 


(3) 


where Ey = 


The number of base stations S is then: 
V “, P 
=: $48 (4) 


The consequences for the radio network 
architecture are: 


e From (1) there is a requirement for 
the smallest possible cluster size c. In the 
C450 system this is achieved by means 
of relative distance measurement, which 
permits the accurate detection of cell 
boundaries. A cluster size of 7 is 
achieved in this way. Mutual transmitter 
power control is provided as a support- 
ing measure. 


e From (3) it can be deduced that small 
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cell radii are necessary in order to 
achieve high traffic densities in urban 
areas. To minimize the resulting cochan- 
nel interference, a finely graduated 
transmitted power control is provided in 
the C450 system. The system also 
switches calls over to another channel in 
the event of cochannel interference 
(intracell handoff). 


e From (4) arises the demand for a con- 
siderable transmitted power reserve, in 
order to create networks which provide 
economic coverage with a minimum 
number of base stations. 


As the local terrain in a real network, 
such as that in the Federal Republic of 
Germany, does not correspond at all 
with the requirements of an idealized, 
theoretical approach to cell configura- 
tion, only an approximation of the max- 
imum traffic volume can be specified. 
Fig.6 shows the relationship between 
traffic density and the theoretical 
number of cells for homogeneous cover- 
age, assuming a cluster size of seven 
cells. Fig. 7 shows the possible number 
of mobile users as a function of the mean 
cell radii actually implemented in urban 
areas and of the traffic intensities of the 
mobile stations. 


Direct availability 
of mobile users 


The essential difference between a 
mobile radio system and a_ public 
switched telephone system is that the 
users in a mobile system are not perma- 
nently connected to one switching 
center. This calls for special precautions 
to be taken, both in the standby mode 
and in the call condition. Each user is 
allocated a location in the “home data 
file” of a mobile switching center. In 
addition to the normal class of service 
information, this file contains a refer- 
ence to the current location of the user, 
represented by the internal code num- 
bers of the relevant mobile switching 
center and base station. In the event of 
incoming calls, this file is accessed with 
the aid of the user directory number, 
allowing the call to be routed to the base 
station in whose cell the user is currently 
located. The user is called in this cell and 
the connection can then be set up over 
the radio path. To enable the current 
location to be entered in the file, the 
mobile station performs a short check-in 
dialog with the selected base station, 


vi 
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after evaluating the respective assign- 
ment criteria immediately on switch-on. 
The mobile station then performs this 
evaluation continuously, so that the 
most suitable base station can always be 
selected when cell boundaries are 
crossed. In an independent procedure, 
the base stations poll each mobile sta- 
tion at brief intervals and so continually 
monitor the operating status. If these 
calls remain unanswered after several 
attempts, the visited location entries are 
deleted from the operating status. If 
these calls remain unanswered after sev- 
eral attempts, the visited location entries 
are deleted from the files and the caller 
hears a recorded message, i.e. the sys- 
tem can provide a definitive response to 
every incoming call, obviating the need 
for further call attempts. If the mobile 
station changes cells while a call is in 
progress, a call handoff is performed 
which is practically inaudible to the user 
and the file is updated in a way similar to 
that employed in the standby mode. 
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System introduction 


The C450 mobile radio system was plan- 
ned by the Deutsche Bundespost as a 
network providing total national cover- 
age (Fig.8). At the end of 1983 a trial 
network with one mobile switching 
center and five base stations entered ser- 
vice in the Darmstadt area. Extensive 
field trials were carried out in this net- 
work before the expansion to two 
mobile switching centers and 175 base 
stations with a total of 492 traffic chan- 
nels in mid-1984. By September 1, 1985 
it was possible to start the unrestricted 
public trial operation, with the aim of 
optimizing local service and verifying 
the essential stability of the system, 
prior to commencing complete service 
on May 1, 1986. 


Outlook 


With its advanced features and high user 
capacity, the C450 mobile radio system 
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is an important milestone on the way 
towards full mobile radio coverage in 
the Federal Republic of Germany. In 
terms of call processing functions, it 
offers all the features currently available 
to the fixed subscriber. Digital signaling 
is implemented on the radio path; 
the feature, “data transmission at 
4.8 kbit/s,” is available on the radio path 
but cannot be used as the network ad- 
apters to the data services are not yet 
available. The knowledge and experi- 
ence gained in the design and opera- 
tion of this “semidigital” system, 
together with the advances in LSI tech- 
nology since its inception, are funda- 
mental prerequisites for the develop- 
ment of even more powerful, “fully 
digital” cellular radio systems in the 
900-MHz band. The frequency band 
available there will further increase the 
user capacity and enable the system to 
be incorporated as one of the features 
of the Integrated Services Digital Net- 
work (ISDN). 
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Measurement. 
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Factors Influencing the Design of 
Economical Cellular Radio Networks 


Cellular radio is currently undergoing a 
marked phase of expansion worldwide 
and is rapidly gaining in importance gen- 
erally as a means of communication. 
The primary function of this service is to 
incorporate vehicle-based mobile sta- 
tions into the public switched telephone 
and data networks; a further important 
objective is the introduction of portable 
mobile stations. If one considers the 
mobility of motor vehicles and their sig- 
nificance in our economic environment, 
the following facts become clear: 
uniform system structures are essential 
for the existing and future cellular radio 
networks, in order that the mobile radio 
equipment can be fully utilized for both 
national and international communica- 
tion, irrespective of the location of the 
vehicle. This aim has been pursued in 
the design of the new C450 mobile radio 
system; it is intended to offer the system 
operator a high degree of channel usage, 
spectrum efficiency, traffic capacity and 
economic service, while providing the 
user with a highly efficient and conve- 
nient service. 


This article presents the structuring of 
land mobile systems in a clear and gen- 
erally applicable form, which is also 
valid in principle for future systems 
using digital transmission. 


Dipl.-Ing. (FH) Karl Kammerlander, 
Siemens AG, 

Safety and Security, Systems, 
Munich 


In the structuring of the new generation 
of public land mobile networks (PLMN) 
— as represented for the first time by the 
C450 mobile radio system — it was nec- 
cessary to examine a Series of system sol- 
utions and variables with reference to 
their effects on the system, their techni- 
cal feasibility and cost-effectiveness. 
The decisive factor is the cost-effective- 
ness because it shows the expenditure on 
the part of the system operator and the 
user, which — depending on the chosen 
solution — can vary considerably and 
thus determine the socioeconomic 
benefit of a mobile radio system. In 
order to keep the exchange of data 
within the system to an absolute mini- 
mum, the system functions have been 
largely decentralized by fully exploiting 
the advances in microprocessor tech- 
nology. 


Basic structures 
of mobile radio networks 


PLMNs represent a combination of call 
processing and radio transmission tech- 
nology, the latter presenting particular 
problems under mobile conditions. The 
local mobile network _ structures, 
moreover, are determined by the traffic 
density and the fluctuating movements 
of the users as well as by buildings and 
terrain. 


Radio links are also a part of the tele- 
phone connection and the demand arises 
for high spectrum efficiency in the 
PLMN. In addition, the effects of radio 
propagation and interference specific to 
mobile radio, which do not occur in the 
fixed switched telephone network, may 
have to be dealt with. 


A fundamental difference from the pub- 
lic switched telephone network (PSTN) 
with its fixed terminal equipment is the 
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changing location of the mobile stations 
typical of vehicle movements. Since the 
call processing requirements are con- 
tinuously changing as a result of these 
movements, the mobility of the users 
must also be considered in planning the 
system structures. This results in a con- 
tinuous updating data communication 
with each operational user, in order to 
ensure instant accessibility over the 
entire service area. 


Fig. 1 shows, in simplified form, the two 
basic quantities “physical and technolog- 
ical conditions” and “operator and user 
requirements” which lead via appropri- 
ate “system structures” to the “economi- 
cal system solution” and thus to the opti- 
mum mobile radio system. 


All further considerations concentrate 
solely on the cellular radio system, 
because this plays the dominant role in 
determining the cost-effectiveness of the 
mobile radio service. 


Cellular network structures 


Cellular radio networks consist basically 
of a large number of cells. The necessity 
for creating such cells is evident from the 
facts listed below. 


The maximum operating range of 
mobile equipment is limited by the 
transmitted power which can be gener- 
ated economically in vehicles. This is 
about 10 to 15 W and in the 450 MHz 
band, due to the physics of wave propa- 
gation, produces a maximum range (i.e. 
cell radius) of approximately 30km. 
Because of this limitation, it is necessary 
to provide the service area with a suf- 
ficiant number of base stations, corres- 
ponding to the number of required cells. 
The number of base stations or cells, the 
traffic volume and the limited band of 
available frequencies necessitate — at 
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Fig.1 Simplified relationships of the various factors influencing the economical design 


of mobile radio networks 


least in urban areas — the frequent reuse 
of the available frequency band and the 
channels into which it is divided, with 
minimum frequency reuse factors 
(determined by the reuse distance 
required to ensure minimum cochannel 
interference). Land mobile systems 
which systematically reuse the available 
frequency band - while maintaining the 
necessary protection ratio — are termed 
cellular radio networks. 


Cellular radio networks structures are 
defined by the cluster size, which means 
the minimum number of required cells 
among which the available number of 
channels must be divided to ensure that 
the cochannel interference arising from 
frequency reuse — determined by the 
immunity of the selected transmission 
method to cochannel interference — 
remains sufficiently low. All the avail- 
able channels can thus be used within 
one cluster. In addition, by linking clus- 
ters together, coverage areas of any size 
can be served by a limited band of fre- 
quencies or number of channels (Fig. 2). 


In areas of very low traffic density 
(<10 mErl/km’), however, the maxi- 
mum cell radius (R=30 km) deter- 
mined by the transmit power cannot be 
exceeded (Fig.3). The number of radio 
channels required in each cell in such 
areas therefore is low, which automati- 
cally results in a larger cluster size, an 
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increased spacing between cochannel 
base stations, as well as negligible 
cochannel interference. If, on the other 
hand, the traffic density increases, the 
cluster size and frequency reuse distance 
diminish, with consequent increase in 
the cochannel interference. A lower 
limit for the cluster size is attained when 
the permissible probability of cochannel 
interference is reached (approx. 5% of 
channels), and thus a further reduction 
in the cluster size 1s not possible. 


In the C450 mobile radio system, this 
point is reached with a homogeneous 
traffic density of 11 mErl/km’, a cluster 
size of c = 7 (seven cells per cluster) and 
the maximum cell radius of 30 km 
(Fig.3). Below a traffic density of 
11 mErl/km’, therefore, lies the non- 
critical range of frequency reuse and 
above it, the critical range. 


A characteristic feature of the critical 
range is that, for traffic densities D 
above 11 mErl/km’, the cell radius R 
must be reduced while maintaining the 
minimum cluster size in accordance with 
the equation: 


yf k 
R= V5. 


K represents the number of traffic 
channels (7CH) per cell for a homoge- 
nous traffic distribution; in the C450 


network with a cluster size of c = 7 it 
amounts to 
TOM. 218. 


= —— = 31 channels. 
Cc 7 


As the curve in Fig. 3 shows, the traffic 
density which can be achieved in 
the C450 system with a cell radius of 
2km, for example, is approximately 
2.5 Erl/km?. The traffic density can be 
converted into the serveable user density 
by taking into account the traffic flow 
figures per user. In the C450 system this 
is about 50 registered or 30 active users 
per Erlang. For a cell radius of 2 km, 
this permits an average user density of 
approximately 75 active users per km’ to 
be served. The traffic density figure of 
11 mErl/km’, above which the cluster 
size 1s constant and the cell radius must 
be reduced, corresponds to a user den- 
sity of about 0.3 users per km’. If this 
density is used as an average for West 
Germany, the 250,000 km* land area 
produces a figure of 75,000 for the 
number of users who can be provided 
with service. 


According to the planning figures of the 
Deutsche Bundespost, however, the 
C450 cellular mobile system is to be con- 
figured for at least 300,000 users. Based 
on this forecast, the average traffic den- 
sity will be approximately 24 mErl/km’, 
i.e. greater than 11 mErl/km’, and 
therefore within the critical range. If one 
also considers that the density distribu- 
tion of the traffic volume in West Ger- 
many is roughly 1: 200, then the value D 
in Fig. 3 will vary in the range from 1.65 
to 330 mErl/km’. This results in a mini- 


Fig.2 The formation of clusters in a cellular 
mobile radio network enables the provision of 
service to areas of any size 
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Fig.3 Traffic density D as a function of cell radius R. The shaded area represents the limits within which a 
cellular network in West Germany with 300,000 subscribers can be operated 


mum required cell radius of R = 5.4 km, 
while the average cell radius in 20 km. 
This means that the majority of cells 
required for radio coverage hes within 
the critical range and must be imple- 
mented with the smallest possible cluster 
size (c = 7), in order to achieve low base 
station (BS) density and thus high cost- 
effectiveness. Fig. 4 shows the basic vari- 
ables involved in the structuring of cellu- 
lar mobile radio networks. It is also evi- 
dent from Fig.3 that from the radio 
point of view, with a cell radius of 2 km 
for example, and a maximum traffic 
density of D = 2.5 Erl/km’, the maxi- 
mum user volume allowed for in the 
Deutsche Bundespost plans can be 
realized by the C450 system. 


An essential structural feature of a cellu- 
lar radio network is that the traffic 
density varies across the service area and 
it follows that the cell size and spacing 


must be adapted to this varying traffic 
density. 


In determining the minimum cluster size 
(c = 7 in the C450 system) which can be 
implemented in a system, the radio 
coverage required for the service area, 
which depends on the local distribution 
of traffic, must be taken into considera- 
tion. Due to the more homogeneous 
traffic distribution, more extensive radio 
coverage is demanded in large urban 
areas than in sparsely populated rural 
areas. As a result, increased cochannel 
interference is experienced in urban 
areas due to the higher transmitted 
power levels required in relation to the 
cell size. To prevent the cochannel inter- 
ference from exceeding the permissible 
level, the cluster size must be suitably 
increased, which would either mean an 
increase in the number of base stations 
or, retaining the same base station 
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Fig.4 Basic variables affecting the optimum 
design of cellular mobile radio networks 


density, a drop in the traffic density 
which can be achieved. To avoid having 
to increase the cluster size in urban 
areas, technical measures are imple- 
mented in the C450 system for detecting 
cell boundaries with the aid of “‘relative 
distance measurement” and mutual 
power control between base and mobile 
stations [1]. 


Effects of radio wave propagation 
on mobile radio systems 


Radio transmission in mobile radio sys- 
tems is characterized by the problems of 
wave propagation close to the ground 
and the movement of the mobile stations 
(MS). Due to the limited height of the 
MS antennas (approx. 1.5m) and the 
typically greater height of obstructions 
in the surrounding terrain (topography, 
buildings, trees), the mobile station 
moves in a propagation field which is 
diffuse in every respect and caused by 
the effects of scatter and shadowing. 
These effects produce a log-normal dis- 
tribution of the received field strength. 
In addition, the delay differences of the 
individual signal components caused by 
multipath propagation lead to local 
additions and subtractions of the signal 
components, which subject the received 
field strength locally to a Rayleigh dis- 
tribution. At the same time, these delay 
differences result in parasitic phase or 
frequency modulation of the received 
signal caused by the movement of the 
vehicle [2]. 


The wave propagation effects mean that 
mobile radio channels are always subject 
to far more complex interference than 
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Fig.5 Different cluster configurations for the same traffic capacity, using (a) cluster size c = 7, 31 channels per cell and a total of 217 channels, 
(b) cluster size c = 19, eleven channels per cell and a total of 209 channels and (c) the relative base station density as a function of the cluster size 


wireline channels. Transmission errors 
resulting in the corruption of signaling 
data are therefore far more common in 
mobile radio channels. To prevent such 
errors from occurring, error detection 
and correction techniques must always 
be employed. 


The route to an optimum 
cellular mobile radio system 


An optimum cellular mobile radio sys- 
tem, in brief cellular system, is deter- 
mined by spectrum efficiency, maximum 
traffic capacity (user capacity) and cost- 
effectiveness (Fig. 4). 


Spectrum efficiency 


The spectrum efficiency is the decisive 
factor in determining the overall effi- 
ciency of the network. It calls for a mini- 
mum frequency band requirement per 
traffic channel which, taking protection 
ratios into account, is defined by the 
channel spacing and determines the 
number of available channels in a given 
frequency band. By definition, the radio 
traffic channels in cellular systems are 
repeated many times throughout the ser- 
vice area. For this reason, the following 
additional influences arise, which extend 
the conventional definition of spectrum 
efficiency: 

e the channel utilization determined by 
the system control principles — this 
should produce high channel availabil- 
ity, prevent unsuccessful or false seizure 
of traffic channels by means of internal 
control measures and minimize radio 
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interference, which is typically of a local 
and frequency-selective nature, by the 
flexible assignment of channels. ; 


e the frequency reuse determined by the 
cellular arrangement of the radio net- 
work — a minimal frequency reuse spac- 
ing should meet the objective of a high 
number of channels per unit area. 


Traffic capacity 


The high spectrum efficiency of a cellu- 
lar system arising from the frequency 
band requirements per channel, the 
channel utilization and reuse, results 
in a high permissible traffic density 
(Erl/km’) or user density (users per km’) 
which represents a measure of the traffic 
capacity which can be achieved in a net- 
work. The frequencies of a cellular sys- 
tem are thus used most efficiently if the 
total traffic capacity which can be 
achieved over the whole network area 
(or number of users who can be pro- 
vided with service) attains the highest 
value for the available frequency band, 
because this ensures the highest number 
of users per unit area. In the C450 
mobile system, the sum of the frequen- 
cies available in the upper and lower 
bands is 2 X 4.44 MHz = 8.88 MHz. 
The frequency band requirement for the 
300,000 mobile users as currently plan- 
ned by the Deutsche Bundespost 
amounts to 29.6 Hz per user. 


Cost-effectiveness 


Although the cost-effectiveness of a cel- 
lular system is related to the traffic 
capacity and the spectrum efficiency, it 


is chiefly determined by the following 
factors: 


e the expenditure by users for the 
mobile stations and 


@ the expenditure by the system operator 
for the fixed equipment. 


Since expenditure by the users is largely 
dependent on the number of mobile sta- 
tions in a network, but not upon the 
technical implementation of the system, 
only the expenditure on fixed radio 
equipment will be analyzed here. 


A key function falls to the number of 
base stations to be installed in the ser- 
vice area, termed the BS density. In 
sparsely populated areas, this is a conse- 
quence of the maximum cell radius 
defined by the method of transmission. 
In urban areas, the BS density is deter- 
mined by the cluster size the system 
technology allows. Fig.5a and 5b illus- 
trate the dependence of the BS density 
on the cluster size. Since the traffic 
density calls for the use of all available 
channels to provide a particular area 
with radio service, a cluster has to be 
formed in this area. If technical consid- 
erations permit a cluster size of c = 7, 
the number of base stations in this area 
will also be 7 (Fig. 5a). If, however, the 
cluster size is 19 (Fig. 5b), the number of 
base stations must likewise be 19. The 
relative BS density as a function of the 
cluster size, based on c = 7, 1s shown in 
Fig.5c. Since the BS density has a cru- 
cial impact upon expenditure by the net- 
work operator, it is the most important 
variable affecting the cost-effectiveness 
of a cellular system. 
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Fig.6 shows the incorporation of the 
principal variables from Fig. 4 in the sys- 
tem operator’s requirements, the physi- 
cal conditions of radio transmission and 
the important functional areas of system 
control which together create the expen- 
diture to be met by the system operator. 


As essential input variable for the design 
of cellular systems is the traffic model. It 
describes the distribution of traffic 
across a country and defines the mini- 
mum traffic density in sparsely popu- 
lated areas and the maximum traffic 
density in urban areas as limiting values. 
In the traffic model, the coverage 
required in the various areas is also 
stipulated. The traffic requirements 
have repercussions on the traffic capac- 
ity and cost-effectiveness of the net- 
work, depending on the solution 
adopted for the radio system. 


The network operating strategy also has 
a crucial effect on the cost-effectiveness. 
In addition, the effects of radio propaga- 
tion and the selected transmission 
method have a direct bearing on the 
spectrum efficiency and the cost-effec- 
tiveness. The factors spectrum effi- 
ciency, traffic capacity and cost-effec- 
tiveness are influenced significantly by 
the radio transmission method and cell 
configuration, which in turn are closely 
interrelated. Finally, the cost-effective- 
ness of the system directly affects the 
expenditure by the system operator. 


Influencing factors 
and their interrelationships 


Fig.7 shows an extension of the inter- 
linking and = additional important 
influencing factors. The influence of the 
traffic model with regard to the system 
operator’s expenditure can be seen in 
the top right corner: in sparsely popu- 
lated areas cost-effectiveness is achieved 
by using the maximum cell radius, which 
automatically results in the minimum BS 
density (greatest economy of locations). 
The minimum BS density is, of course, 
the economic factor in urban areas as 
well, but it is largely subordinate to the 
system options for structuring the cells 
and cluster size. 


Cost-effectiveness is determined by the 
development and building costs of BS 
sites, by the acquisition costs of the 
necessary radio equipment and by the 
ongoing operating and maintenance 
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Fig.6 Principal parameters for the economical design of cellular mobile radio networks 


costs, which are directly reflected in the 
costs to be met by the network operator. 


The upper left-hand section of Fig.7 
shows the radio transmission influences 
which are determined principally by the 
physics of wave propagation. 


It is above all the selected radio trans- 
mission method which determines the 
maximum cell radius in sparsely popu- 
lated areas. Other important factors are 
the intersymbol interference, resulting 
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from multipath propagation which limits 
the maximum transmission rate, and the 
transmitted power which can be pro- 
duced by the mobile station, which 
determines the maximum _ bridgeable 
radio path attenuation. 


The modulation method exerts a consid- 
erable influence on the method of radio 
transmission. Its structure determines 
the channel bandwidth on the one hand, 
and the immunity to interference at the 
limit of sensitivity, on the other. The 
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modulation method thus has a direct 
effect on the maximum cell radius which 
can be achieved for a given transmitted 
power. 


The radio transmission method also 
determines the electromagnetic com- 
patibility (EMC) with other services 
which operate in adjacent frequency 
bands, but within the same operational 
areas. The EMC also affects the coordi- 
nation of frequencies with other coun- 
tries which use the same frequency band 
for other services and systems. The 
EMC is therefore a measure of the 
economical use of frequency resources 
within the band specified by CEPT and 
must also be considered when planning 
the allocation of frequencies. It follows 
that the spectrum efficiency of the opti- 
mum cellular system is principally deter- 
mined by the radio transmission method 
and the EMC. 


The bottom left corner of Fig.7 repre- 
sents the radio system control and its 
major influencing variables. From the 
control point of view, the spectrum effi- 
ciency and the maximum traffic capacity 
of the system are set by the channel utili- 
zation achievable. 


High channel utilization can be achieved 
principally by means of the file system, 
which ensures that calls are only set up 
to users who are actually “operating,” 
thus avoiding the “squandering” of 
channel capacity on ‘“non-operating” 
users. At the same time, the file system 
ensures instant accessibility at the cur- 
rent location of the mobile station, 
which means that every user can be 
reached with a single call. 


Traffic channel utilization can also be 
increased by the type of call setup. Calls 
are set up in both directions via the con- 
trol channel (CCH), which is also used 
for the transmission of dialing informa- 
tion for outgoing calls. At the rated traf- 
fic capacity, traffic channels are seized 
as soon as the mobile switching center 
(MSC) has begun dialing into the PSTN. 
At peak loads, the radio channel utiliza- 
tion is further increased by a bidirec- 
tional queuing control. In the queuing 
mode, channel assignment can only take 
place when an idle traffic channel 
(TCH) is available; for a small percen- 
tage of outgoing calls, this does not 
happen until after the called user has 
gone off-hook. In the meantime the 
called user hears the message, ‘‘Radio 


call, please hold the line.” At peak 
traffic periods, the system sets up calls 
without seizing a traffic channel; only 
when the called mobile user has 
answered is the traffic channel seized. 
This is termed off-air call setup 
(OACSU). After careful consideration 
of the various busy statuses which arise, 
this restrained form of OACSU was 
implemented for the express purpose of 
handling only traffic peaks, in order to 
guarantee compatibility with no-charge 
special services (e.g. directory assistance 
and long-distance calls to paying sub- 
scribers for a local charge) and with 
recorded message equipment (telephone 
answering sets). 


Channel assignment according to radio 
criteria ensures that, even at the call 
setup stage, only channels of adequate 
quality are assigned. Among other 
things, the link control performed dur- 
ing each call serves to safeguard the call 
charges and to monitor the transmission 
quality of radio channels during calls. 


This means that the controlling access of 
the base stations to the mobile stations is 
maintained even during the call. 


One very important component of the 
control principle is the monitoring of 
base stations performed by the mobile 
stations. This enables each mobile sta- 
tion, even when not making a call, to 
register itself automatically with the cor- 
rect cell by detecting the planned cell 
boundaries [3]. This ensures that, even 
when setting up the call, the mobile sta- 
tion accesses only the traffic channel of 
the cell in which it is located, thus effec- 
tively preventing cochannel interfer- 
ence. Cell boundary detection also con- 
tinues during the call, resulting in call 
handoff strategies which are required in 
order to keep cochannel interference to 
a minimum. At the same time, the hand- 
off strategies also serve the users, 
because they ensure that existing con- 
nections are handed off at the planned 
cell boundaries, while maintaining the 
quality of service. 


The efforts to minimize cochannel inter- 
ference by cell boundary detection are 
supported by the mutual adaptive power 
control between base and mobile sta- 
tions. In this process, the maximum 
transmitted power necessary to provide 
the required radio area coverage factor 
is reduced individually for each connec- 
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tion, thus reducing as far as possible the 
interference range of each channel. 


Cell boundary detection is the key func- 
tion for the cell configuration shown on 
the right-hand side of Fig.7, since by this 
means the locally assigned radio chan- 
nels are only operated within the 
planned boundaries of usage. This pre- 
vents channels being ‘‘carried off” into 
other cells. 


For this reason, cell boundary detection 
in conjunction with adaptive power con- 
trol forms the basis for achieving the 
lowest possible frequency reuse factor. 


Via the resolution of the cell boundary 
detection, moreover, it leads to the 
smallest possible cell radius. Both fac- 
tors directly affect the maximum attain- 
able traffic density. 


The frequency resuse factor W/R is 
defined as the ratio of the frequency 
reuse spacing W to the planned mean 
cell radius R. It is determined by the 
immunity of the radio transmission 
method to cochannel interference, by 
the width of the available frequency 
band and, most crucially, by the extent 
of radio coverage. Without cell bound- 
ary detection and mutual power control, 
the high degree of radio coverage 
required in urban areas leads either to a 
drop in the traffic density or to an 
increase in cluster size, due to the 
accompanying spillover across the plan- 
ned cell boundaries. 


By using cell boundary detection and 
adaptive power control between base 
and mobile stations, it is possible to 
achieve the required traffic density with 
a high degree of coverage and a small 
cluster size [1]. The smaller the cluster 
size, the lower the BS density required 
to serve urban areas and the greater the 
channel set per base station. A small 
cluster size not only results in greater 
traffic density by way of larger channel 
sets, but also promotes cost-effective- 
ness by reducing the number of base sta- 
tions necessary in urban areas and thus 
cuts costs for the network operator. In 
addition, a small cluster size enhances 
the fluctuation flexibility of the system. 
This is the characteristic of system which 
enables adequate service to be provided 
to random concentrations of users 
within a cluster. 
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Conclusions 


Analysis of Fig.7 reveals that the cost- 
effectiveness of cellular systems in both 
sparsely populated and urban areas 
depends upon achieving the lowest pos- 
sible density of base stations necessary 
for providing service to the area. The 
cost-effectiveness is thus simultaneously 
dependent on the system-defined cell 
radii and on the cluster size. 


In addition to spectrum efficiency and 
high traffic capacity, the primary objec- 
tives in designing the most economical 
cellular system are maximum cell radii in 
sparsely populated areas and minimum 
cluster sizes in urban areas. The radio 
transmission method, the channel utili- 
zation, the control principles and the cell 
boundary detection with all associated 
factors are additional system resources 
whose design allows the network opera- 
tor’s costs to be kept to a minimum. 


To summarize, it may be stated that the 
optimum and most economical cellular 
system is always that which with the 
available frequency band offers the 
greatest traffic capacity (user capacity) 
in relation to the network operator’s 
costs. Such a system automatically has 
the lowest frequency requirement per 
user, in terms of expenditure. 


The design of the radio transmission 
structures of the Siemens C450 cellular 
radio system is based on the approach 
outlined in this article. 
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The C Network of the Deutsche Bun- 
despost, West Germany’s PTT, is a part 
of the worldwide telephone network. 
The system structures of the public land 
mobile network are determined by the 
accessibility of the mobile stations irre- 
spective of their location at any time 
(roaming), and on their movement dur- 
ing calls, which necessitate the hand off 
of calls from cell to cell. 


The system structures of public land 
mobile networks are divided into the 
two main areas of radio transmission 
and radio call processing, in which the 
base and mobile stations together form a 
cellular radio system. The mobile 
switching center MSC performs the 
function of an interface between the 
mobile radio network and the public 
switched telephone network (PSTN). 
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The main objective of public land 
mobile networks (PLMN) is to extend 
the public telephone service. In addi- 
tion, it must permit the use of the data 
services offered by the PSTN. The sys- 
tem must be capable of transmitting not 
only user data and speech, but also the 
signaling required to access the mobile 
station and control the call setup within 
the radio environment. Such signaling is 
exchanged between the mobile station 
(MS), the base station (BS) and, to a 
lesser extent, the fixed switching net- 
work. The use of state-of-the-art micro- 
processor technology enables functions 
to be decentralized throughout the net- 
work, thus minimizing the amount of 
signaling to be exchanged via the trans- 
mission paths. 


From its initial design stages, the system 
concept allowed for the transmission of 
digital data at a bit rate of 4.8 kbit/s 
instead of analog speech. This transmis- 
sion feature, however, 1s not utilized at 
present. 


Call processing accessibility 
and call procedure 


The only terminal equipment in the 
PSTN is fixed and is accessed by means 
of permanently assigned local network 
codes. Mobile stations, on the other 
hand, move freely through the existing 
local networks and cannot, therefore, be 
assigned permanently to a single local 
network code. In order to make the 
mobile radio network accessible to the 
user on an equal footing to the PSTN, it 
is essential that “roaming” mobile sta- 
tions can be accessed with a single call, 
regardless of the current location. 


The C Network achieves this by means 
of a two-level file system in which the 
cell where the MS is currently located is 
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automatically registered at the switching 
center [1]. This file system enables a 
caller to reach a mobile user with an 
operating mobile station by dialing 
the “mobile network prefix” (e.g. 0161 
in Germany) plus his “mobile station 
number,” wherever the mobile user may 
be within the service area. If an MS is 
not in operation the calling party hears 
an appropriate recorded message. 


To ensure that the mobile stations may 
be accessed directly throughout the net- 
work area with the aid of the file system, 
an exchange of active data is necessary 
for all mobile stations which are 
switched on but idle. The file system 
enables every incoming call attempt to 
be switched directly to the cell where the 
MS is located, or, if the mobile user is 
making a call at that moment, it enables 
the busy status to be detected. 


Generally, all mobile stations making 
calls must be monitored, as they may 
move across cell boundaries during the 
call, altering their accessibility status. 


To prevent the call being cut off in this 
situation, it is handed off to the new cell. 
This specific operation calls for both 
radio and switching procedures. 


Moreover, the transmission mode of the 
calls (speech or data) must be regis- 
tered. In addition, mobile users who 
switch off their stations must be recog- 
nized and the files updated accordingly. 


The creation of a functional 
hierarchy and division of functions 


Various hierarchical levels exist within a 
public land mobile network for handling 
the services of the PSTN [2]. They com- 
prise the existing level of the public 
switched telephone network, the mobile 
switching centers (MSC) which form the 
traffic interface between the PLMN and 
the PSTN, the fixed base stations (BS) 
located in each radio cell of the network 
and finally the mobile stations (MS). An 
additional level consists of the operating 
and maintenance equipment for the mo- 
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bile switching centers and the base sta- 
tions. 


This separation into hierarchical levels is 
a product of the decentralization and 
optimization of functions and the way in 
which they interact. Careful planning in 
the division of functions, furthermore, 
leads to greater transparency with re- 
gard to ease of maintenance. 


This article deals mainly with the struc- 
tures of mobile switching centers, base 
and mobile stations. The system struc- 
tures of the operating and maintenance 
equipment are described in detail in [3]. 


System structures and functions 
of the hierarchical levels 


Functions and structures 
of the mobile switching centers 


The mobile switching center provides a 
two-way traffic interface between the 
radio network and the public network. 


As the C Network is brought into ser- 
vice, there is still a high proportion of 
mechanical exchanges in West Ger- 
many. The obvious course of action, 
therefore, is to incorporate file systems 
for tracking subscribers and updating 
user data and for handing-off calls from 
cell to cell in the switching equipment 
(MSC) of the mobile telephone net- 
work. Thus, the MSC is designed as a 
centralized unit connected directly to 
the regional exchange, not only to facili- 
tate access to the file systems, but also 
for the required handoff of calls from 
cell to cell within as large a radio service 
area as possible. Accordingly, the final 
configuration of the C Network in West 
Germany will be equipped with eight 
mobile switching centers, corresponding 
to the number of regional exchanges. 


Furthermore, even the signaling and 
speech connections required between 
the mobile switching centers are not 
transmitted via the PSTN, but via a 
point-to-point network between the 
MSCs. The data and signaling between 
the MSCs are exchanged via duplicated 
channels using CCITT No. 7 common 
channel signaling (CCS). Dedicated 
point-to-point circuits are provided for 
the speech paths between the MSCs and 
the base stations, while the signaling 
between MSC and BS again uses CCITT 
No. 7 common channel signaling. As a 
rule, each base station is served by two 
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parallel common signaling channels 
which, in the absence of interruptions, 
Operate on a load-sharing basis. Low 
traffic volume base stations, however, 
operate with only one common signaling 
channel. The hierarchical level of inter- 
connected MSCs has the superordinate 
function of “linking the PLMN and 
PSTN” in both directions. 


The signaling of the mobile user part 
(MUP), the most important functions of 
which are described below, is transmit- 
ted via the common signaling channel. 


The home file [1] has a special function 
within each mobile switching center: the 
status information of each registered 
mobile user is stored in the home file of 
the corresponding MSC and is accessible 
from every access point in the network. 


The mobile switching center also con- 
trols the uninterrupted handoff of a call 
if a mobile station moves into another 
cell or base station area while the call is 
in progress. The signaling necessary for 
this handoff between MSC and the re- 
spective BS is transmitted via the in- 
band link control channel. 


In order to make more efficient use of 
the radio channels, the base station 1s 
equipped with a queuing system, so that 
partial connections to the PSTN are nor- 
mally set up in the MSC in the event of 
queuing. 


A further function of the mobile switch- 
ing center is to prepare and store the 
data required for charging the mobile 
users. Since the calls are registered indi- 
vidually, they can also be verified indi- 
vidually to the subscriber. 


Since unsuccessful call attempts are also 
recorded, the available data can be 
evaluated by the communication admin- 
istration providing statistical informa- 
tion on the behavior of users, the quality 
of service and network planning. 


The mobile switching centers are oper- 
ated and maintained with the aid of 
operating equipment which is described 
in greater detail in [3]. 


Functions and structures of the base stations 


The base stations handle the outgoing 
traffic to the mobile switching centers 
and the incoming traffic to the mobile 
stations. In addition to call processing 
procedures, the base stations are also 
responsible for the automatic registra- 
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Fig.2 Functional diagram of the mobile switching 
center (MSC) 


tion of all mobile stations currently 
within the boundaries of their particular 
cell. With the aid of the file system, this 
ensures that mobile stations are accessi- 
ble regardless of their location. 


A control channel (CCH) unit, which 
can serve several control channels when 
required, performs the registration and 
updating of mobile stations in the idle 
condition and initiates connection of 
incoming calls. The signaling required 
for call setup and for call control via the 
radio link is exchanged directly between 
the speech channel controllers and the 
mobile stations. Only events for updat- 
ing channel assignment and call setup or 
handoff are handled partly by the base 
station control unit (BCU) and partly by 
the MSC via the BCU. In the course of 
this, the BCU processes the radio events 
autonomously, so that only those events 
necessary for call processing purposes 
need be handled by the MSC. As a 


result a minimum amount of signaling 
must be exchanged via the common sig- 
naling channel. 


The software processing parameters for 
cell boundary detection (relative dis- 
tance measurement), traffic density, call 
control, release criteria and queuing 
control, which are subject to the require- 
ments of traffic and topography, can 
each be set individually within the base 
station control unit to suit the require- 
ments of each cell. Further procedures 
initiated by the BCU within the base sta- 
tion are the polling required for check- 
ing mobile stations present in the cell, 
the initiation of routines for equipment 
testing, the radio traffic statistics, the 
availability of the system lists for all 
equipment, and the startup and opera- 
tion of the base station itself. An addi- 
tional function is the operation of the 
entire BS via a portable test and operat- 
ing terminal. 


Base station signaling dialogs 


Each base station maintains a signaling 
dialog with the mobile stations operating 
within its cell, whether calls are being 
made or not. A multiple slotted aloha is 
made within the time-shared common 
control channel — if a call is being made 
in one of the traffic channels — while a 
continuous dialog takes place between 
the mobile station and the control unit 
of the respective traffic channel. 


Call processing functions 
within the base station 


The base station provides the radio con- 
nections to the mobile stations (Fig. 1). 
The radio environment with its radio 
channels forms a special switching net- 
work between the fixed base stations 
and the mobile stations. Call connec- 
tions between the two, along with the 
necessary signaling for call control are 
always handled via the locally assigned 
traffic channel (TCH). However, all 
updating of the current locations of idle 
mobile stations and the initial radio call 
setup procedures are performed via the 
control channel (CCH). All signaling 
between the base and mobile stations 
using the control channel or a traffic 
channel is processed locally between the 
radio channel controllers (RCCs) of the 
channel-related radio units. The radio 
channel controllers within each BS are 
coordinated by the central processor of 
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Fig. 3 Common channel signaling network 
control (CCNC) 


the base station control unit (BCU) 
mentioned above. 


Functions of the mobile stations 


The main function of the idle mobile sta- 
tion (operational but not making a call) 
is to associate itself with the correct cell. 
This check-in procedure is performed by 
monitoring the surrounding BS’s in the 
time-division control channel. In this 
process, each mobile station receives the 
signals of the control channels from the 
surrounding base stations and evaluates 
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Fig.4 Functional diagram of the base station (BS) 


the individual cell parameters, distance 
criteria and call processing statuses con- 
tinuously [4]. These criteria enable each 
mobile station to assign itself to the cor- 
rect new cell whenever it crosses a cell 
boundary. 


Incoming and outgoing call initiations as 
well as dialing information for outgoing 
calls are transmitted via the control 
channel of the base station at which the 
mobile station is checked in. As soon as 
the base station control unit of this BS 
has assigned a traffic channel, the call 
setup on the radio path takes place 
within the assigned traffic channel. To 
this end, a handshake procedure is per- 
formed between the base and mobile 
stations to test the transmission quality 
of the traffic channel. If this is not satis- 
factory, another traffic channel is as- 
signed and so on, to a maximum of three 
attempts. When a traffic channel of 
satisfactory quality is found (at the first 
attempt in the great majority of cases), 
the call is set up. The in-band signaling 
dialog via the traffic channel includes 
call identification, transmission of call 
charges and the channel-related mutual 
transmitter power control between the 
base station and mobile station, which is 
necessary for minimizing co-channel 
interference. During the call, the quality 
of transmission is continuously checked 
and, if necessary, the call is handed off 
to another channel (intracell handoff) or 
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to another base station (intercell hand- 
off), or the connection is cleared down 
for quality reasons. 


Components 
of the hierarchical levels 


Components of the MSC 


The design of the mobile switching 
center in the C Network (Fig. 2) is based 
on EWSD (Siemens digital electronic 
switching system) technology [5]. The 
MSCs incorporate the tried and tested 
EWSD hardware components and soft- 
ware, to which only the specialized soft- 
ware components for mobile radio had 
to be added. For maintenance purposes, 
there is a separation between radio 
transmission and call processing soft- 
ware components, but uniform logistics 
are provided for the network operator. 


Particular logistical advantages are to be 
gained if EWSD exchanges are also used 
in the PSTN. The MSC structure can be 
divided into the functional components 
of terminating facilities, consisting of 
line/trunk group (LTG) and common 
channel network control (CCNC), the 
switching network (SN) and the coordi- 
nation processor (CP). 


e Terminating facilities 


The trunks to the PSTN for signaling 
and speech are connected via the LTGs, 
which also serve to connect the trunks 
for the non-signaling speech traffic to 
the base stations linked to this MSC and 
to the other MSCs in the network. Each 
LTG has its own microprocessor control 
unit which acts as a group processor. 


CCITT No. 7 common channel signaling 
lines terminate at the CCNC for the con- 
nection of base stations and other 
MSCs. In this system the CCNC is used 
for the first time to control the CCITT 
No. 7 common signaling channels (max. 
256). Levels 1 through 3 of the “message 
transfer part” are implemented in the 
CCNC, while level 4 (mobile user part) 
is integrated into the call processing pro- 
cedures of the group processors and the 
coordination processors. Fig. 3 shows 
the hierarchical structure of the CCNC 
and the duplication provided at the level 
of the CCNP (common channel signal- 
ing processor) to increase availability. 


e Switching network 


Not only are all speech connections 
between the external lines processed via 
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the digital switching network, which is 
likewise duplicated, but also the mes- 

sage traffic between the group proces- 
sors and the coordination processor. 


e Coordination processor 


The principal tasks of the coordination 
processor in the EWSD system are the 
central call processing functions, such as 
digit evaluation for traffic routing and 
zoning, switching network control and 
operating and maintenance functions. 
The CP is also used by the MSC to man- 
age the user files. 


Base station components 


The base station hardware and software 
were developed from scratch; only in the 
mechanical design was recourse made to 
the compact style 7R rack design, which 
has been well proven in the field of radio 
relay. A functional diagram of the base 
Station is shown in Fig. 4. The control 
channel (CCH) and the traffic channels 
are connected to the antenna via the 


antenna coupling unit filters. While the 
signaling-free traffic channels (TCH) of 
the radio units are routed directly to the 
mobile switching center, the control 
channels of both CCH and all TCHs are 
fed to the base station coordination unit 
(BCU), to which a maximum of 96 traf- 
fic channels can be connected. 


Further radio equipment within the base 
station includes: 


e the fest transceiver (TTR), which per- 
forms the routine radio equipment tests 
initiated by the BCU; 


e the phase receiver (PR), which 
receives the synchronization time marks 
from other base stations and supplies all 
equipment within a base station with the 
standard frequency and the correct 
frame set signal; 


e the handoff receiver (HOR), which is 
important for the initiation of the hand- 
off of mobile stations in the call condi- 
tion. 


The handoff receiver is necessary 
because the mobile station is assigned to 
a particular traffic channel during a call, 
and therefore, cannot continue to per- 
form the task of evaluating the control 
channels. The precise functions of the 
PR and HOR units are described in arti- 
cles [6] and [7]. 


The portable “operation and mainte- 
nance terminal” unit is connected to a 
BCU interface via the operation and 
maintenance processor. This unit pro- 
vides the operator interface within the 
base station, which can be used to obtain 
reports on system performance, to ex- 
change information on operating sta- 
tuses and to initiate test routines. An- 
other interface is provided for signals — 
usually alarms — to the remote operation 
and maintenance center. 


The base station control unit is perma- 
nently linked to the mobile switching 
center via an interface with a CCITT 
No. 7 data channel. 
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Proviaing Cellular Radio Service 
In Urban Areas 


The performance of a mobile radio sys- 
tem is characterized predominantly by 
its behavior in areas of high traffic 
density, i.e. urban areas. The limited 
number of available radio frequencies 
makes the transition to the use of 
minicells inevitable in such areas. In 
making this transition, it is critically 
important to maintain the cell structure 
and transmission quality, both of which 
are limited by radio propagation factors. 
These limits are determined, on the one 
hand, by the accuracy attainable in 
measuring the distance between the base 
station and the mobile station and, on 
the other, by the effects of interference 
from cochannel transmitters. 


Using a cellular mobile radio network as 
a model, this article describes the results 
of investigations into the effects of radio 
propagation with regard to transmission 
quality, frequency reuse and distance 
measurement for various sizes of cover- 
age area. From these results it becomes 
apparent that, with a limited number of 
available radio frequencies, the cellular 
network structure can be maintained in 
urban areas only where supported by a 
combination of the most accurate pos- 
sible measurement of the distance be- 
tween the base station and mobile sta- 
tion and the adaptive control of trans- 
mitter output power. The general find- 
ings are augmented by quantitative 
statements on the gains which can be 
achieved in structural consistency and 
transmission quality. 


Ing. Hans Peter Lorber and 
Dr.-Ing. Eitel-Carl Zscherpe, 
Siemens AG, 

Public Communication Networks, 
Munich 


It is generally necessary to reuse the 
Same radio frequencies (RF) several 
times within the service area of a public 
land mobile network (PLMN). Never- 
theless, base stations (BS) using the 
same frequency must still be located at 
specific minimum distances from each 
other, even when high traffic density 
calls for a structure of small cells. If the 
terrain is virtually flat, these distances 
depend on the topography (e.g. build- 
ings, vegetation), antenna heights, 
transmission quality and the characteris- 
tics of the radio system. The first two 
parameters and the climate also affect 
the propagation of radio waves. 


Performance 
of a mobile radio system 


The characteristics of a mobile radio sys- 
tem can be divided into call processing 


Required 


user 
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and radio transmission functions. The 
call processing functions (e.g. call 
charge registration, numbering scheme, 
call handoff between radio areas) deter- 
mine the total number of users who can 
be provided with service. The radio sys- 
tem, consisting of the fixed base stations 
(BS) and the mobile stations (MS) on 
the other hand, determines the user 
density (number of users per unit area) 
as well as the consequent volume of traf- 
fic. Apart from the permissible attenua- 
tion of propagating waves and the trans- 
mission quality, the number of available 
radio frequencies limits the number of 
usable traffic channels. If this number is 
not sufficient, additional base stations 
must be set up and the range of transmit- 
ters using the same frequency must be 
limited to permit adequate reuse of their 
frequencies. 


Characteristics | 
ofthe 
_ radio systems 


Minimum — 
achievable 
 clustersize — 


Radio 
propagation — 
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+] transmission — 
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Fig.1 Factors influencing the performance analysis of a mobile radio system 
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A measure of reusability is the cluster 
size. A cluster is defined as a group of 
network cells in which each of the avail- 
able RF channels is assigned once. The 
smaller the cluster, the greater the 
capacity of the radio system. Fig. 1 illus- 
trates the relationships described. 


The smallest possible cluster also deter- 
mines the cell size, and consequently the 
number of base stations required and 
thus the cost-effectiveness, the ideal 
being a high traffic density and low 
number of usable RF channels. Fig. 2 
shows a cluster consisting of seven hexa- 
gonal cells (cluster size 7), in which cells 
with the same RF channel set are rep- 
resented by the same color (cochannel 
cells). The area within the white circle 
corresponds to the area contained within 
the seven cells of a cluster. If this area 
could only be covered by the use of a 12- 
cell cluster, then twelve base stations 
would be required instead of seven. The 
number of base stations required is thus 
proportional to the cluster size. In the 
example shown here the ratio would be 
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Strength of propagating field 


As a mobile station moves radially away 
from the base station, its mean received 
field strength decreases, the mean value 
being subject to severe local fluctua- 
tions. Time variations occurring simul- 
taneously are negligible for distances of 
up to about 50 km [1]. Because the 
mobile stations are close to the ground, 
local obstructions such as buildings and 
trees subject the radio waves to partial 
shadowing, thereby attenuating the 
received field strength. In addition, dif- 
fraction caused by obstructions and 
reflections from the ground and build- 
ings create a host of overlapping waves 
of diverse amplitude and phase. 


Fig. 3 shows the field strength measured 
in a town for a mobile station moving 
away at approximately 60 km/h. The use 
of relatively narrow RF bands in mobile 
radio systems means that the attenua- 
tion caused by broad obstructions such 
as buildings is about equal for the indi- 
vidual channels. Superimposed on the 
gradual changes in field strength, which 
can be observed over longer distances 
and which can be seen in Fig. 3, are fluc- 
tuations whose maximum and minimum 
values are much more closely spaced. 
They are caused by diffraction and (or) 
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reflection and are thus frequency-selec- 
tive. For this reason, it is possible for the 
channels of an RF band to exhibit differ- 
ent field strengths at the same location. 
Investigations have revealed that the 
field strength fluctuations due _ to 
shadowing in urban areas can _ be 
described statistically by means of a log- 
normal distribution and the frequency- 
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Measured field strength level F as a function of the distance d between base (BS) 


selective component by means of a Ray- 
leigh distribution. The statistical super- 
position of these two distributions, 
known as the Suzuki distribution [2], 
encompasses the combined effect of the 
influences described, which are to a 
large extent independent of distance [3]. 
The mean field strength F(d) in a virtu- 
ally flat urban area shown in Fig.4 can 
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be represented by the following for- 
mula [4]: 


F(d) = K-Fy:d3°~ 


(F,) = transmitted field strength, d = dis- 
tance from transmitter, K = factor). The 
spread around this value caused by 
shadowing was estimated at between 5 
and 7 dB in accordance with [3] and the 
height of the base station antenna was 
assumed to be 30 m. 


HIGH DENSITY URBAN ARERS C450 MHz) 


ERP = 188 WATT 
ANTENNAS. 2. Ff LAMDA~e2 ™= 
DIPOLE 


BS ANT. HEIGHT 38 
CIN 26 m STEPS) 
MS ANT. HEIGHT 


mH 
5 
o 
J 
Oo 
x 
y 
uy 


Phase delay of propagating field 


Pulse response diagrams of the link 
between the base and mobile stations 
which have been measured in cities [5] 
provide information about the ampli- 
tude and phase of the field strength com- 
ponents at the receiving location. These 
diagrams illustrate the relationship 
between power density and delay at the 
point of reception. An example is given 
in Fig.5. The path length differences 
and the amplitude of the wave compo- 
nents can be inferred from the diagram, ) 2.94 muSEC 
in which the time at which the first signal 36 muSEC 
is received is taken as the zero reference eae 
point. The relative delay of the other 
wave components is a direct measure of 
the path length difference. 

The mean value D of the pulse response 
(weighted with the power) is the phase 
deviation to be expected compared with 
a reference signal. It helps to determine 
the distance error which an FM narrow- 
band system makes in distance measure- 
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Fig.4 Theoretical mean decline of field strength level F as a function of the distance d between base (BS) 
and mobile (MS) stations (antenna type: 4/2 dipole; BS antennas: height between 30 and 210 m 
in 20 m steps; MS antenna: height 1.5 m) 
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ment. A measure of the time distribu- 
tion of the energy components of the 
individual waves is the root-mean- 
square value S$ of the pulse response 
(weighted with the power), which influ- 
ences the transmission quality. 
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According to statistical investigations 
[5], the results for city streets in the mea- 
sured area revealed values of between 
0.3 and 2.3 us for D and between 0.2 and 
3.5 us for S. After careful consideration, 


Fig.5 Example of pulse response diagram for an urban area (mean value of pulse response: D = 2.34 us; 
root-mean-square value of the pulse response: $ = 2.96 ws; actual distance = 1.74 km 4 5.8 us) 
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The model considered consists of three BS __ Basestation MS Mobile station 
base stations (BS) and two mobile sta- / Radio frequency 
tions (MS) as shown in Fig.6. BS1 and  Fig.6 Cochannel interference in a mobile radio system 
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Fig.7 Distribution of mobile stations in a cellular network in which cell boundaries are detected by field strength measurement (a to c) and by delay 
measurement (d); the relevant coverages are 42% (a), 90% (b) and 96% (c and d) 


BS2 use the radio frequency f,, MS1 and 
MS2 use f, and BS3 uses f;. MS1 is regis- 
tered with BSI and likewise MS2 with 
BS2. As MS1 and MS2 approach each 
other, the mean field strengths drop in 
all four receivers, while at the same time 
the cochannel interference field 
strengths rise. The transmission quality 
of all receivers thus deteriorates as a 
result of both decreased signal field 
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strength and increased cochannel inter- 
ference. Ideally, therefore, there should 
be no mobile transmitters using the 
same frequency outside the boundaries 
of a cell, if the distance between cochan- 
nel base stations relative to the cell size 
is to be kept small. This goal is ap- 
proached if the distance between the 
associated base and mobile stations is 
determined by means of the relative dis- 


tance measurement (cell boundary detec- 
tion). 

The absolute distances measured exhibit 
considerable spread, as does also the 
characteristic value D in the pulse 
response diagram. Only the relative dis- 
tance measurement improves the accu- 
racy to any great extent, by comparing 
the distances between a mobile station 
and all the surrounding base stations. In 
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Fig.6, for example MS1 compares its 
distances from BS1 and BS3. 


If a mobile radio system evaluates only 
the received field strengths as a criterion 
for the MS-BS distance, a comparatively 
high number of users will appear outside 
the theoretical cell boundaries as a result 
of the marked fluctuations in field 
strength. Some users will be registered 
with a neighboring BS before the call is 
set up; others will “carry off” the fre- 
quency, because they cannot be handed 
off to the next cell at the right time. 


The criterion for the spacing of cochan- 
nel base stations, and thus for the cluster 
size, 1S the transmission quality to be 
maintained. A_ signal-to-noise ratio 
(S/N) of more than 20 dB is usually 
required for 90% of locations within a 
coverage area. In urban areas, the re- 
maining 10% will be split so that, for 
example, only 5% of locations will fail to 
achieve this S/N value as a result of 
cochannel interference, and at a further 
5% of locations the signal field strengths 
will not be sufficient for S/N = 20 dB. 


Distance measurement 
and cell structure 


The transmitted power required 
depends both on the size of the cell and 
the spread of field strengths. Figs.7a 
through 7¢ clearly show how the cell 
boundaries become indistinct as the 
transmitted power increases, if the sys- 
tem assigns base stations and mobile sta- 
tions to each other solely on the grounds 
of “sufficient field strength.” A BS 1s 
located at the center of each hexagonal 
cell. As an example, all red dots are sup- 
plied with sufficient field strength by 
BS1 in the central cell. Identical wave 
propagation, antenna heights and trans- 
mitted powers were assumed for all base 
stations. 


Fig.7a applies for low transmitted 
power and thus a short range. The 
coverage is 42%, 1.e. only 42% of all 
locations have a signal-to-noise ratio 
greater than 20 dB. 


Figs. 7b and 7c, on the other hand, are 
the result of increased transmitted 
power and coverages of 90 and 96%. 


The benefit of relative distance mea- 
surement — in addition to field strength 
measurement — in limiting the distance 
between base and mobile stations (BS- 
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NORMALIZED DISTANCE ( r/R ? 


G Field strength measurement for 96% coverage 
r Actual distance 
R Nominal cell radius 


Fig.8 Probability of the BS-MS distances exceeding the normalized distance r/R 


MS) can be clearly seen in Fig. 7d. With 
higher transmitted power and_ thus 
enhanced transmission quality, the 
coverage in this case can be raised to 
almost 100% without loss of cell struc- 
ture. 


The curves in Fig.8 illustrate the prob- 
ability with which a specified BS-MS dis- 
tance is exceeded. R is the nominal 
value of the cell radius and r its actual 
value. While curve 1 applies to ideal dis- 
tance measurement without measure- 
ment errors and curve 2 to relative dis- 
tance measurement, curves 3 to 5 refer 
to the “sufficient field strength” crite- 


R Nominal cell radius 
WwW Distance between base stations 
x Mobile station 


Fig.9 Model of simulation using the “Monte 
Carlo”’ method with seven cochannel base stations 
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rion for 42%, 90% and 96% coverages. 
It follows from curve 2 that only 18% of 
the locations of active mobile stations lie 
outside the nominal radius (r/R = 1), 
where the cell size expressed by the 
radius RK is of no significance, since all 
relationships can be represented by the 
ratio r/R. 


In an ideal situation in which the mobile 
stations are confined to the hexagonal 
cell, the mean distance between the base 
and mobile stations is 64% of R. In 
curve 2, this rises to 66% and for curves 
3, 4 and 5 it is 48%, 103% and 142% 
respectively. 


The mean radial distance of visiting 
mobile stations for roughly the same 
extent of coverage (96%), using field 
strength measurement only, is about 
twice as much as it is when relative dis- 
tance measurement is used. 


Distance measurement and clusters 


For a required level of transmission 
quality, the cluster size can only be cal- 
culated analytically by using a multitude 
of integrals. Instead of this, a simulation 
is performed using the “Monte Carlo” 
method; the model used for this, with its 
seven cochannel base stations, is shown 
in Fig.9. Crosses mark the mobile sta- 
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Fig.10 Probability of cochannel interference with equal and constant transmitted power for all base (BS) 
and mobile (MS) stations in accordance with simulation model in Fig. 9 


tions which also transmit on the same 
radio frequencies. The propagation 
parameters are selected in accordance 
with the section “Strength of propagat- 
ing field”. The signal and interference 
field strengths are independent of each 
other and all transmitters operate with 
the same constant transmitted power. 


The initial requirements are a precise 
method of cell boundary detection and 
100% coverage. With a fixed cell spac- 
ing distance W, the cell radius R is 
increased step-by-step. The cochannel 
interference powers from cells 2 to 7 add 
at each BS and MS receiver in the 
central cell 1. Significant interference 
occurs when the aggregate interference 
power at the receiver of BS! or MSI 
exceeds the signal power minus 8 dB. 
This 8 dB is the cochannel protection 
ratio in FM narrow-band systems with 
25 kHz channel spacing. Additional 
parameters are the radio frequency, the 
effective antenna heights of the base and 
mobile stations and the spread of the 
field strength levels. 
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The simulation program defines random 
MS locations in each hexagon, calculates 
the BS-MS distances and the mean field 
strength levels and adds random levels 
resulting from the log-normal and Ray- 
leigh distributions of the field strengths. 
For the shadow scattering which is inde- 
pendent of the RF, identical additions 
are selected from the log-normal dis- 
tribution for both the BS-MS and MS- 
BS directions. The Rayleigh compo- 
nents, on the other hand, differ for the 
directions BS-MS and MS-BS. 


Fig. 10 shows the result after summation 
of the interference powers. The ordinate 
represents the number of locations in 
the central cell with BS or MS receivers 
subject to interference, relative to the 
total number of random MS locations in 
the cell. The cluster size for hexagonal 
cells is c = W’/3- R? (integer). 


While curve 1 shows the result of the 
simulation with accurate cell boundary 
detection, curve 2 represents the result 
after applying relative distance measure- 


ment to detect cell boundaries. Curves 3 
to 5 show the result of the simulation 
using the criterion “sufficient field 
strength.” Only small percentage differ- 
ences exist between curves | and 2 in the 
number of locations with interference; 
this corresponds to the propabilities 
shown in Fig. 8. The use of field strength 
measurement alone for a 96% coverage 
produces far poorer results (curve 5). 


A mobile radio system which can deter- 
mine the BS-MS distance accurately 
allows cochannel transmitters to be set up 
at a spacing of 6.7 X R (cell radius), if a 
loss of transmission quality due to 
cochannel interference at 5% of all loca- 
tions and a coverage of 96% are 
accepted. In a system using field strength 
measurement alone, the spacing of 
cochannel base stations under the same 
conditions must not fall below 12.6 times 
the cell radius. 


Adaptive control 
of transmitted power 
to reduce cochannel interference 


The adaptive control of the BS and MS 
transmitted powers enables the fluctua- 
tions in field strength to be compensated 
and the cluster size and the frequency 
reuse spacing to be reduced. In an ideal 
control situation, each transmitter 
would emit no more power than neces- 
sary for the required transmission qual- 
ity, which would keep the signal-to- 
noise ratio constant at all locations 
within the coverage area. Such control is 
only effective in conjunction with accu- 
rate measurement of the BS-MS dis- 
tance, since the transmitted power of the 
mobile station outside the cell bound- 
aries 1s further increased. In practice, 
the transmitted power is adjusted in 
steps. 


To simulate the effect of adaptive con- 
trol of the transmitted power, the model 
in Fig.9 is expanded by an outer ring of 
twelve hexagonal cells, whose purpose 1s 
merely to create the most random initial 
conditions possible. At each BS and MS 
receiver in the inner seven cells, six 
cochannel interference sources are 
assumed. To simplify matters, reaction 
on the twelve outer cells during the con- 
trol process is neglected. The sequence 
of the simulation program, the parame- 
ters used and the definition of significant 
interference are all as _ previously 
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described. In the event of interference, 

only the transmitted powers can be Ratio of locations with interference to total number of locations 
increased in eight steps of 5 dB each | 50 7 

(dynamic range = 40 dB) up to the max- 

imum transmitted power, so that a 
coverage of 96% is possible within the 

cell, % 


Curve 1 in Fig. 11 shows the result of the 
simulation and the gain in the W/R ratio 
compared with an uncontrolled system 10 
for the same precentage of interference- 

affected locations in the cell. 


Using adaptive control of the transmitted 5 
power, the W/R ratio can be reduced by a 
factor of 1.4 compared with an uncon- 
trolled system, if cochannel interference 
is permitted in 5% of all locations. This 
enables a cluster consisting of seven cells 
(c = 7) to be used even in the case of 
small cells and to be operated with a 
cochannel spacing of 4.6 X cell radius. 1 


Cluster size c ——> 


Adaptive control of transmitted power ——— Without control (identical to curve:2 in Fig. 10) 
for >96% coverage 


Fig.11 Comparison of probabilities of cochannel interference for constant and variable (adaptive) 
transmitted power of all base and mobile stations 
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Herbert Halamek and Karl Kammerlander 


Forming Cell Structures 
with Relative Distance Veasurement 


The function of mobile cellular radio 
systems is to provide telephone service 
to large numbers of mobile users and to 
offer them a consistent and optimum 
quality of service, taking into account 
not only the required cost-effectiveness, 
but also the restricted number of avail- 
able frequency channels. In order to 
provide this service to a large number of 
users in a given frequency band, it is 
necessary to reuse the available channels 
within the service area. This gives rise to 
the cellular structure: within the bound- 
aries of each cell a certain group of chan- 
nels is used, which is reused in other 
cells as closely spaced as possible. Thus 
to minimize the probability of cochannel 
interference, it is very important that 
channels in general are not used outside 
the planned cell boundaries. In other 
words the use of channels should stop at 
the planned cell boundaries. 


This article discusses the implementa- 
tion of cell boundary detection within 
the system and its practical Incorpora- 
tion in the structuring of cells. First, 
however, the various methods of cell 
boundary detection are described. 


The structuring of cells creates a funda- 
mental problem: the cell boundaries 
must be detected by the mobile station 
(MS) in both the idle and call condi- 
tions, in order to ensure optimum as- 
signment of mobile stations to the cells. 
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This makes the special demand on cell 
boundary detection that, in both the idle 
(switched on) and busy conditions of the 
mobile station, it must result in essen- 
tially the same cell boundaries. It is 
therefore necessary for the detection 
mechanisms to be suited for both 
operating statuses of the mobile station. 


Methods of cell boundary detection 


Signal level evaluation 
by the mobile station 


The signal levels are evaluated decen- 
trally in each mobile station by monitor- 
ing several base stations (BS). Due to 
the uncorrelated fluctuations in signal 
levels which arise in mobile radio sys- 
tems, caused by shadowing (log-normal 
distribution) and Rayleigh fading, this 
method is not capable of detecting the 
planned cell boundaries with sufficient 
accuracy. In fact, with this method the 
cell boundaries are solely determined by 
the irregularities of radio propagation 
characteristics. 


Signal level evaluation 
by the base station 


This method suffers from the same fun- 
damental disadvantages as evaluation by 
the mobile station. Moreover, it can 
only be used when the mobile stations 
transmit, i.e. when they are in the busy 
condition. 


Propagation delay measurement 
(absolute distance measurement) 


Since this form of measurement can only 
be used when the mobile stations are 
transmitting, it too can only take place 
in the busy condition of the mobile sta- 
tion. It has the disadvantage that it only 
permits the use of circular cell bound- 
aries, therefore making the overlapping 


of cells unavoidable. Nevertheless, 
delay measurement does offer greater 
accuracy than signal level measurement. 


Relative distance measurement 


This method is a form of comparative 
delay measurement. The comparison of 
delays can be performed in both the idle 
but switched on and busy conditions. 
With the aid of this method, fur- 
thermore, it is possible to adjust the cell 
boundaries by changing the system soft- 
ware parameters to suit traffic demands. 


The mechanisms of relative distance 
measurement are described in detail 
below. 


Principle of relative distance 
measurement 


Probability statistics reveal that about 
97% of operating mobile stations are in 
the idle state at any one time. In order to 
achieve the planned degree of frequency 
reuse, each mobile station when initiat- 
ing a call must access only the voice 
channel set of the cell in which it is cur- 
rently located. For this reason, each 
mobile station must be capable of 
detecting cell boundaries, even when in 
the idle state (receive-only mode). 


Since the C450 mobile radio system 
operates in principle as a synchronized 
network with a time sharing procedure 
in the control channel, it has the advan- 
tage that the periodic emissions of the 
base stations are in phase. The base sta- 
tion signals can therefore be received at 
the mobile stations with the same time 
reference. The mechanisms of relative 
distance measurement are based on this 
fact. The basic principle of this method 
is illustrated in Fig. 1. 
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BS _ Base station 

Aq Phase difference 
M Midpoint 

MS Mobile station 


Fig. 1 Basic principle of relative distance 
measurement — detection of the center line 
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t Propagation delay 

“ Cell boundary parameter 


Handoff conditions: 


t, — t, = W,— W,: Mobile station on cell boundary 
t, — ty <<W,—W,: Handoff to cell A 
t,—t, >W,— Wy: Handoff to cell B 


Fig.2 Extended principle of cell boundary 
detection using relative distance measurement 


A mobile station receives signals trans- 
mitted from two base stations with the 
same reference phase. If the MS is 
located exactly on the center line 
between the two base stations, the phase 
difference (Aq) between the received 
signals, and thus the difference in dis- 
tance, is zero. Since the center line is 
detected without reference to the actual 
distance between two base stations, this 
simple form of relative distance measure- 
ment can be used to detect the center 
lines irrespective of the cell size. How- 


ever, as there are transitions between 
large and small cells, where the center 
line does not represent the planned cell 
boundary, this principle must be suitably 
extended. 


This is achieved by means of a cell 
boundary parameter w which the base 
stations transmit as part of their signal- 
ing information and which the mobile 
stations evaluate in the cell boundary 
detection process (Fig. 2). If the w para- 
meters of two base stations are equal, 
the planned cell boundary lies on the 
center line. If, on the other hand, there 
is a positive or negative difference, the 
cell boundary lies to the left or right of 
the center line by a corresponding dis- 
tance. The resulting geometric locus of 
the cell boundary is a hyperbola, along 
which the distance differential is equal 
to the difference between the parame- 
ters. The accuracy of this method de- 
pends on the precision of the synchroni- 
zation between the base stations, BS, 
and BS,; in the C450 network, it is 
1.5 us in the first approximation. 


The principle of relative distance mea- 
surement is applied to the arrangement 
of cells into clusters. Fig. 3 shows the cell 
boundaries when relative distance mea- 
surement is used within a cluster with 
equal BS spacing. This produces a rigid 
hexagonal cell structure. In the event of 
a base station failure (absence of trans- 
mission) in the middle cell or in case of 
the activation of neighbor-to-neighbor 
assistance, the inner hexagonal bound- 
aries disappear and the outer cells auto- 
matically increase in size to cover the 
triangular areas drawn in broken line. 
Performance of the relative distance 
measurement is thus unchanged and this 
prevents radio channels from being car- 
ried off from the slightly larger cell in 
such cases. 


Cell boundary detection by means of 
relative distance measurement also per- 
mits cells of varying sizes to be linked 
together to suit specific traffic require- 
ments. Irrespective of the maximum 
permissible transmitted power, the type 
of cell boundary shown in Fig. 4 is cre- 
ated. 


The mechanisms of relative distance 
measurement considered so far apply to 
operating mobile stations which are not 
making a call. In this condition, each 
mobile station listens to the signals of all 
the surrounding base stations in the 
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time-shared control channel. As this is 
not possible in the voice channels, i.e. 
when the mobile station is making a call, 
a mechanism is required which can 
detect cell boundaries in the same way in 
the busy condition. 


Relative distance measurement 
in the busy condition 


In order to be able to use relative dis- 
tance measurement for cell boundary 
detection in the busy condition, each 
base station is equipped with a handoff 
receiver (HOR). This continually mea- 
sures the signal levels of mobile stations 
using traffic channels in the neighbor- 
ing cells. If a mobile station crosses the 
cell boundary defined by the relative dis- 
tance measurement, the call is handed 
off. 


This article deals only with the basic 
functional elements of relative distance 
measurement shown in Fig. 5. Due to 
the network synchronism, base stations 
A and B have the same reference 
phases. A signal emitted by BS, reaches 
the mobile station after the propagation 


Fig.3 Use of relative distance measurement 
in a regular cluster (identical cell parameter w 
in all cells) 


Fig.4 Cell boundaries with an irregular distribu- 
tion of cells 


29 


Mobile Communication 


Cell A 


Cell B 


Planned cell boundary 


BS __ Base station 

HOR Handoff receiver 

MS ___ Mobile station 

t Propagation delay 

w Cell boundary parameter 


Handoff conditions: 


t, — t, = W,a— Wp: Mobile station on cell boundary 
t, —t, <W,— Wp: Mobile station in cell A 
t, —t, >W,a— Wp: Mobile station in cell B 


Fig.5 Relative distance measurement in the 
busy condition (the handoff receiver HOR, in 
base station BS, measures At= f, + f,, detects f, 
and determines 4,) 


delay t,. The delay is determined as fol- 
lows: in accordance with its response 
behavior and call control dialog with 
BS,, the mobile station returns a time 
signal to BS,, by means of which the 
traffic channel receiver in the base sta- 
tion can measure the delay f, relative to 
the transmitted phase. The magnitude of 
the distance measurement f, so obtained 
is transmitted continually by BS, in the 
signaling information contained in the 
call control dialog and also repeated 
continually by the mobile station. 


After a delay ¢,, the signal t, transmitted 
by the mobile station also reaches the 
handoff receiver in BS,. This receiver 
measures the total signal delay ¢, + ¢, in 
relation to the synchronous transmitted 
phase of BS, and, at the same time, 
detects from the signaling information 
the propagation delay ¢, for the link 
from BS, to the mobile station, which 1s 
retransmitted by the mobile station. The 
handoff receiver is capable of deriving 
the difference between the variables tf, 
and f, in a simple manner. It thus has at 
its disposal the same variables as the 
operating mobile station in the idle 
state, and in conjunction with the cell 
parameters it can initiate the handoff as 
soon as the mobile station in question 
crosses the boundary into the cell associ- 
ated with BSg. 
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Practical effects 
of relative distance measurement 
in the C450 mobile radio system 


In planning the economical provision of 
a radio service to a country, it must be 
assumed that some of the base station 
sites are already determined by existing 
radio towers. Existing buildings and 
properties must be likewise taken into 
account. As a rule, therefore, base sta- 
tions are not situated where the planning 
of an ideal network structure would 
require them to be. As a consequence of 
these factors and of the variable traffic 
density, a non-homogeneous distribu- 
tion of cell sizes results. 


Fig. 6 helps to show the advantages of 
using relative distance measurement in 
practice. The diagram shows the cell 
boundaries based on the minimum sig- 
nal level of the various base stations in 
the Rhein-Main area of West-Germany. 
The boundary lines indicate, in some- 
what simplified form, the coverage areas 
around the individual base stations, in 


Riidesheim 
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Mannheim 


Fig.6 Cell structure using signal level evaluation 


which a call once set up can be main- 
tained on the basis of field strength, with 
a high probability of being uninter- 
rupted and without being handed off. 
For the sake of clarity, the diagram does 
not show the pockets of coverage situ- 
ated beyond these lines, from which the 
base station can be accessed, either in 
the initial setup or in the event of hand- 
off based on signal-to-noise criteria. 


It is clear from Fig. 6 that severe over- 
lapping occurs, which frequently causes 
voice channels to be carried off into 
adjacent cells, thus reducing the fre- 
quency reuse spacing. The overlaps are 
the consequences of spillover which is 
necessary in the coverage areas provided 
on the basis of traffic needs, in order to 
ensure the required area coverage. 


The introduction of relative distance 
measurement radically alters the geo- 
graphical distribution of traffic channel 
use (Fig. 7). The cell boundaries shown 
are the result of detecting the center 
lines and it is obvious what a clear 
delineation of channel usage is achieved 


Heidelberg 
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by the use of relative distance measure- 
ment. The confinement of channel usage 
within the planned usage areas not only 
enables increased frequency reuse, but 
also means that the channels actually 
remain available for the traffic volume 
anticipated in a cell. Fig.7 shows the 
simplest implementation of cell planning 
using relative distance measurement, 
because it is assumed that the same cell 
parameter w is signaled by all base sta- 
tions. This means that the cell size is 
directly proportional to the cell spacing. 
Thus it is sufficient to transmit the same 
cell parameter in all cells at the time of 
service introduction. 


If the traffic density rises more rapidly in 
certain cells than in others during opera- 
tion (e.g. in cities), the cell parameter 
can be reduced when the maximum 
channel capacity is reached, which 
causes a reduction in cell area and con- 
sequently an increase in traffic density 
(Erl/km’). Fig. 8 shows this feature as 
applied to a rise in traffic capacity in the 
Frankfurt area. The programmable cell 
parameter w gives the C450 network the 
characteristic of not having to split cells 
until the means provided in the system 
are no longer capable of selectively 
increasing the traffic density. Thus the 
control principles of the C450 mobile 
radio system make a significant con- 
tribution towards the overall cost-effec- 
tiveness of the system. 


A special measuring vehicle has been 
constructed for the recording of cell 
boundary detection. First, the route to 
be measured is recorded cartographi- 
cally using a video workstation to ensure 
the accurate assignment of measuring 
points to geographical locations. Then 
the distance covered by the measuring 
vehicle from the starting point is 
recorded by means of an odometer. This 
relatively simple method achieves a high 
degree of accuracy; the deviation over a 
measured distance of 50 km amounts to 
only about 150 m. 


Economic aspects 
of relative distance measurement 


Cell boundary detection using relative 
distance measurement ensures that the 
assigned channel sets are used exclu- 
sively within the boundaries of the cells 
planned for them. This is especially 
important in urban areas where the 
required radio coverage is extensive, 
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Fig.7 Cell structure using relative distance measurement 
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Fig.8 Cell structure with locally reduced cell parameter 


since the most dense reuse of frequen- 
cies is achieved using this method. The 
additional cost of relative distance mea- 
surement in hardware terms 1s justified 
by the benefits gained. As a result of 
relative distance measurement, clusters 
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can be formed which permit greater traf- 
fic density. For this reason, when rela- 
tive distance measurement is employed 
and the traffic volume rises, the transi- 
tion to smaller cells only becomes neces- 
sary at higher traffic densities. 
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Heinrich Beyrich and Helmut Thalhamer 


Radio Transmission 
in the C450 Mobile Radio System 


The radio transmission system has the 
task of providing a reliable link between 
the mobile users and the fixed base sta- 
tions. Because of the many features 
offered by the C450 mobile radio sys- 
tem, particularly stringent demands are 
made on the radio transmission system, 
especially with regard to the modulation 
method and automatic adaptive control 
of transmitted power. This article 
describes the essential functions and 
design principles of the radio transmis- 
sion system and its influence on achiev- 
ing maximum spectrum efficiency and 
cost-effectiveness. 


Demands made on the 
radio transmission system 


The function of the radio transmission 
system is to convey the information to 
be exchanged between the base stations 
(BS) and the mobile stations (MS) via 
the radio path. To this end, a highly 
effective radio transmission method with 
maximum immunity to interference has 
been developed in order to safeguard 
the transmission of digital data signals 
and scrambled analog speech signals. 
From the viewpoint of economic system 
structuring, the following requirements 
must be met by a radio transmission 
method in cellular radio systems: 
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e the transmission of analog speech sig- 
nals and digital data signals; 


e the maximum possible range, so that 
a minimum density of base stations is 
required in sparsely populated areas; 


e low transmitted power, thus keeping 
to a minimum the expenditure on the 
transmitter power amplifier, the power 
supply, and thus the thermal load and 
equipment volume; 


e adaptable transmitted power, in order 
to achieve optimum resistance to 
cochannel interference and to utilize the 
adjacent channels in the same cell for 
the greatest spectrum efficiency; 


e cell boundary detection to attain a 
small cluster size; 


e high immunity to intersymbol inter- 
ference arising from reflected signals 
caused by the multipath propagation — 
this enables economic radio coverage to 
be provided, even in mountainous 
regions; 

e ahigh bit rate for transmission in the 
radio channel, both for signaling and for 
the connection of data terminals; 


e variable channel spacing to facilitate 
coordination of frequencies with other 
countries and services; 


@ economical implementation of the 
radio equipment. 


The major radio system characteristics 
are listed in the table. 


Implementation of the 
radio transmission system 


The above-mentioned requirements are 
met in the C450 mobile radio system by 
the selected modulation method, the 
adaptive control of transmitted power 
and the method of cell boundary detec- 
tion described in [1]. 


Modulation method 


Well-proven narrow-band frequency 
modulation is employed for modulation 
of the radio frequencies. This is a favor- 
able compromise between the required 
radio frequency bandwidth, the trans- 
mission gain and immunity to cochannel 
interference; moreover, it results in the 
economical design of transmitter power 
amplifiers (class-C amplifiers) and 
receivers (limiters). 


In the C450 mobile radio system, both 
analog speech signals and binary digital 
signals are transmitted with a radio 
channel spacing of 20 kHz. 


Voice transmission and 
voice frequency telegraphy (VFT) 


The analog voice signals and VFT sig- 
nals in the 300 Hz to 3 kHz frequency 
band are modulated with a maximum 
frequency deviation of 4 kHz, as is usual 
in mobile radio systems. In the C450 
system the voice signal is additionally 
safeguarded by speech inversion, and 
the audible background noise in 
unfavorable reception conditions is con- 
siderably reduced by amplitude com- 
panding. 


Transmission of binary digital 
data signals 


The transmission of binary non-return- 
to-zero (NRZ) digital signals in the 
C450 mobile radio system is used for 
conveying the signaling and transit data. 
Whereas the signaling data are required 
for control purposes and are transmitted 
both at setup and during a call, the 
transit data originate from the data ter- 
minals which can be operated via the 
C450 system and can be transmitted in 
place of the analog signals. The follow- 
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Frequency range in 
Upper band 
Lower band 

Duplex spacing 

Channel spacing 

Number of channels 


Modulation for voice and data 
Frequency deviation for 
Voice/VFT 
Transit data 
Signaling data 
Modulation frequency (VF) 


Distortion factor 
Unweighted signal-to-noise ratio 
Weighted signal-to-noise ratio 


Time compression for voice and transit data 


Transmission rate for 
Transit data 
Signaling data 


Data format 


Transmitted power of 
Base station (including multiple 
use of antenna) 
Mobile station 


Receiver sensitivity 
Spurious response rejection of receiver 
Intermodulation attenuation of receiver 


Adjacent channel power attenuation of transmitter 


Cochannel interference rejection of receiver 


461.30 to 465.74 MHz 
451.30 to 455.74 MHz 
10 MHz 

20 kHz 

222 duplex channels 


Frequency modulation (FM) 


=+4kHz 
+ 2.5 kHz 
+ 2.5 EZ 
0.3 to 3.0 kHz 


<5% 

>40 dB 

>50 dB 

(CCITT Recommendation P.53A) 
10:11 


4.8 kbit/s 
5.28 kbit/s 


NRZ binary 


15 W, controllable in eight steps 
down to 5 mW 

15 W, controllable in eight steps 
down to 5 mW 

<1pV EMF 

=75 dB 

=75 dB 

= 70 dB 

= 8dB 


Table Radio system specifications for the C450 network 


ing points were considered when select- 
ing the radio transmission method: 


e avoidance of codes without a de 
component which increase bit rates, 

by selecting a special, direct and binary 
frequency modulation; 


e resistance to multipath propagation 
by restricting the data signaling rate to 
4.8 kbit/s. 


The bit rate is increased to 5.28 kbit/s on 
the transmission path by the insertion of 
the signaling data for connection moni- 
toring in time slots [2]. At this bit rate, 
the wavelength of a modulation charac- 
ter is about 60 km. 


Severe intersymbol interference, how- 
ever, does not occur until the character 
delay of a reflection exceeds half the 
character wavelength, i.e. 30 km, and 
the received energies of the direct and 
reflected signals are approximately 
equal. Since this situation is unlikely, 
even in mountainous areas where the 
cell radius is a much as 30 km, the C450 


mobile radio system can also provide 
service to sparsely populated mountain- 
ous areas without the need for addi- 
tional equipment due to the topography. 


e Utilization of the same transmission 
equipment (modulator, demodulator, IF 
filter etc.) as for the analog modulation 
signals. 


To guarantee the enhanced transmission 
characteristics required for data signals 
relative to analog signals, the frequency 
deviation has been fixed at 2.5 kHz 
(modulation index = 1). Expensive and 
bandwidth-saving modulation methods, 
such as GMSK (Gaussian Minimum 
Shift Keying) which would have 
required a separate receiver for data 
transmission, could be avoided, since 
adequate immunity to cochannel inter- 
ference and receiver sensitivity were 
achieved (Fig. 1). The adjacent channel 
power attenuation (CEPT recommenda- 
tion = 70 dB) is met by optimum shap- 
ing of the modulation signal spectrum 
with the aid of a Gaussian filter. 
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Fig.1 Bit error rate at receiver output as a 

function of the weighted signal-to-noise ratio 
of inverted voice signals and the unweighted 
signal-to-noise ratio of data signals 
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Fig.2 Reduction of adjacent channel interference 
is performed by automatic adaptive transmitted 
power control 


Adaptive control 
of transmitted power 


In order to provide economical radio 
service in urban areas, the smallest pos- 
sible cluster size is required. Since this is 
directly related to the cochannel inter- 
ference, transmission techniques have 
been implemented to minimize this 
interference. 


Automatic, mutually adaptive transmit- 
ted power control operating over the 


oo 
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Fig.3 Block diagram of the radio section of a base or mobile station 


radio path between base and mobile sta- 
tions is employed in conjunction with 
the cell boundary detection described in 
[1] in the C450 mobile radio system. The 
cochannel interference is minimized by 
reducing the transmitted power for indi- 
vidual calls, but not further than is 
necessary to retain good quality of 
speech. Excess energy, resulting from 
the high coverage required for most 
locations, is reduced by a maximum of 
35 dB in steps of about 5 dB. This form 
of control also enables the maximum 
transmitted power in a cell to be reduced 
to a minimum level. 


The mutual transmitted power adapta- 
tion, in conjunction with the adjacent 
channel protection ratio of = 70 dB, 
automatically prevents the desensitiza- 
tion of adjacent channel receivers in the 
base station, by causing mobile stations 
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operating in the immediate vicinity of 
the base station to use the lowest possi- 
ble transmitted power. This enables 
immediately adjacent channels to be 
used in the same cell. 


Fig. 2 shows a situation in which MS, 
operating near the base station on chan- 
nel A and a more distant user MS, on 
the adjacent channel B are both in com- 
munication with the base station, and 
yet channel B is not subjected to inter- 
ference due to the interference-reducing 
effect of the adaptive power control. 
The values given in brackets in the 
table indicate the conditions which 
would occur without adaptive power 
control. 


In addition, the adaptive power control 
considerably reduces the mean thermal 
load and thus the probability of radio 
equipment failure. 


Transmitter 
> ‘sat 


MS Mobile station 
VCO Voltage-controlled oscillator 
VE Voice frequency 


Transmission principle 


The principle of the radio transceiver, 
which applies equally to the base and 
mobile stations, is shown in simplified 
form in Fig. 3. 


Depending upon the mode of operation, 
the voice frequency (VF) connections 
are fed from the base station to the 
mobile switching center (MSC) or to the 
operating unit of the mobile station, and 
the radio frequency (RF) connections 
are fed to the antenna via combining 
networks (for the BS) or duplexers (for 
the MS). The radio channel controller 
(RCC) effects the setting of operating 
modes and the connection and operation 
monitoring via bus links to all functional 
units. In the synthesizer the local oscil- 
lator frequency for the receiver and 
modulator is generated in steps of 10 or 
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12.5 kHz. The frequency and the step 
size are set by the RCC via the bus link. 


The modulator generates the frequency- 
modulated RF signal for driving the 
transmitter power amplifier. Modula- 
tion takes place in a phase-locked oscil- 
lator at a frequency of 31.4 MHz and the 
resulting signal is subsequently con- 
verted to the final frequency f; with the 
aid of the synthesizer frequency. 


The input modulation signal may be 
either a voice signal or a transit data sig- 
nal. Both signals are time-compressed to 
generate short time slots, into which the 
signaling data required for monitoring 
the radio path are inserted. The dc 
coupling for the modulation of the data 
signals is obtained by means of con- 
trolled switching of the frequency 
divider in the phase-locked loop of the 
modulator. The transmitter power 
amplifier consists of several amplifier 
Stages, the first of which forms the con- 
trol element for the power control. A 
sample of the output RF power is ex- 
tracted via a directional coupler, recti- 
fied and fed to a controller which in turn 
drives the control element. This control 


loop enables the following special func- 
tions to be performed: the output power 
is stabilized to the required level; for the 
adaptive power control it can be set to 
one of eight stages with a dynamic range 
of 35 dB and its transient characteristic 
is determined by a cos’ function. This 
function prevents unwanted spurious 
emission during each change of power. 


The function of the receiver is the selec- 


tion and demodulation of the received 


RF signal. The incoming RF signal fp is 
amplified in the input stage and con- 
verted to the first intermediate fre- 
quency of 21.4 MHz in the mixer with 
the aid of the synthesizer frequency. The 
principal selection is performed at this 
stage using a crystal filter. 


The conversion to the second intermedi- 
ate frequency of 100 kHz is carried out 
in a second mixer; this is followed by a 
limiter and PLL demodulator. The low 
second intermediate frequency permits 
stable dc coupling for the demodulation 
of the data signal and minimum AM-PM 
conversion (AM = amplitude modula- 


tion; PM = phase modulation) in the 


limiter. 


Mobile Communication 


On the transmit side, the VF signal is fed 
to the dynamic compressor, which 
increases the mean frequency deviation 
for voice signals and thus improves the 
effective signal-to-noise ratio. In the 
subsequent scrambler circuit, the voice 
signal frequency band is inverted to 
ensure privacy. The heart of the VF unit 
is the time compressor in which the voice 
signal is divided into 12.5-ms blocks and 
compressed by about 10% in time. This 
is achieved with the aid of charge-cou- 
pled device (CCD) memories, into 
which the signal to be compressed is 
read with a low clock frequency and 
then read out at a 10% higher fre- 
quency. The signaling data are inserted 
into the gaps thus created and the com- 
posite signal is fed to the modulator. 


At the receiver output, the signaling 
data are extracted from the voice signal 
in the reverse manner and the empty 
gaps are closed. This reinversion process 
restores the voice frequency band to its 
original position, while the dynamic 
expander reinstates the original dynamic 
range of the voice signal. 
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Signaling Transmission 
in the C450 Mobile Radio System 


Regardless of whether a mobile station 
is in the idle or busy condition, it main- 
tains a data dialog with the base station 
in whose coverage area it is operating. 
Whereas in the idle condition data 
blocks are exchanged at intervals in the 
control channel (concentrated signal- 
ing), the exchange in the busy condition 
takes place dispersively in short cyclic 
bursts in each traffic channel (“in-band 
burst signaling”). Since highly reliable 
transmission is demanded for the signal- 
ing data, the data protection method 
must take account of the bit error rate 
on the radio path caused by movement 
and continuously changing speed and 
location. The correct assignment of 
mobile stations to the planned cell is of 
crucial importance to a modern cellular 
radio network. The cell boundary detec- 
tion necessary for this purpose as well as 
dense frequency reuse is effected with 
the aid of relative distance measure- 
ment, the relevant criteria being derived 
from the signaling data. In addition to 
the structure of the signaling system, the 
authors describe the most important 
data dialogs between the base and 
mobile stations. 
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Demands made on the signaling 
system 


Since the radio signaling between base 
and mobile stations is subject to the 
effects of propagation under mobile con- 
ditions, the choice of data transmission 
method is of crucial importance. The 
digital data transmission method 
selected for the C450 mobile radio sys- 
tem, with binary NRZ (Non-Return-to- 
Zero) data signals at 5.28 kbit/s, allows 
optimum usage of the signaling capacity 
of the radio channel whose bandwidth is 
determined by the requirements of voice 
transmission. With this data transmis- 
sion rate, and a maximum radio cover- 
age radius of about 30 km, a high 
immunity to radio interference, such as 
critical multipath effects, is achieved. 


To make optimum use of the 222 duplex 
channel frequencies available in the 
C450 system, these frequencies are 
reused at specific geographical intervals 
within the cellular system. If channel 
frequencies are carried off beyond the 
boundaries of the cells to which they are 
assigned, the calls are subjected to 
cochannel interference. To prevent this 
from happening, accurate detection of 
cell boundaries is necessary. The focus 
here is on the handoff of existing con- 
nections from one cell to the next at the 
planned cell boundary. To avoid 
unnecessary handoffs during call setup, 
however, congruent cell boundary 
detection is also desirable in the idle 
condition. Since the field strength repre- 
sents a highly unreliable criterion for cell 
boundary detection, especially in urban 
areas, the method used in the C450 sys- 
tem is relative distance measurement. 
Because the area simultaneously moni- 
tored includes the adjacent cells, all base 
stations must be synchronized to a data 


frame (synchronized network). This 
enables the distance to be calculated 
from measurement of the received clock 
phase which is dependent on the propa- 
gation delay. Therefore, a high phase 
stability of the signaling data frame is 
necessary, especially in the case of small 
cell networks. 


Signaling system structure 


Control channel operation 


All control functions of the mobile sta- 
tions in the idle condition are processed 
via a time shared control channel (CCH) 
provided specifically for this purpose. In 
the basic version, only a single radio 
channel is required, but this can be sup- 
ported by additional channels as traffic 
volume increases. Via this channel, each 
base station is informed of all mobile 
stations operating within its cell. The 
control channel itself is a time-shared 
duplex channel operating with a 2.4-s 
data frame — consisting of 32 time slots 
of 75 ms each — which is standardized 
throughout the network. The control 
channel effects the data exchange with 
the mobile stations in one or more time 
slots per frame — depending on the 
traffic volume. 


As shown in Fig. 1, each time slot com- 
prises an access channel (A) and a pag- 
ing channel (P). This structure ensures 
both a high signaling capacity and a min- 
imum blocking probability for random 
access. The first channel, the “slotted 
aloha channel,” is used for access by the 
mobile stations to the base station, as 
typically occurs upon check-in or cell 
change. All subsequent messages are 
exchanged in the paging channel, which 
is controlled exclusively by the base sta- 
tion. 
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In order to perform distance measure- 
ment, all base stations are in precise 
frame synchronism. Within a frame, the 
individual time slots are allocated to dif- 
ferent base stations (Fig. 2). In the C450 
system the individual cells are arranged 
in clusters of seven and, in the standard 
version, the 2.4-s frame is divided into 
four subframes of 0.6 s containing the 
time slots which are allocated to each of 
the seven cells in the cluster. This struc- 
ture enables the mobile stations to 
evaluate all adjacent base stations whose 
signals can be received. By comparing 
and evaluating the signaling data, each 
mobile station can assign itself to the cell 
corresponding to its current location. 


Signaling block structure 


There is no difference between the 
structures of the signaling blocks in the 
access and paging channels. Each block 
consists of 184 bits (Fig.3) and contains 
70 message bits which form a complete 
radio data message. The 33-bit preamble 
is followed by a dummy bit which always 
has the status “log 1.” In addition there 
are 7 dummy bits at the beginning and 
end of each block. 


The preamble, which is used for block 
and phase synchronization, contains an 
11 bit long Barker code (“11100010010”) 
which is transmitted three times in suc- 
cession within each preamble. The 
length of the preamble thus both 
optimizes the reliability of the first-time 
access by the mobile stations and also 
minimizes the synchronization time to 
any Barker codes simulated by input 
noise, especially in cells with poor radio 
coverage (and particularly if only one 
receivable time slot per frame is avail- 
able). 


By autocorrelation of the preamble, the 
block and phase reference, with which 
the subsequent information block can be 
evaluated, is available during the subse- 
quent dummy bit. Due to the propaga- 
tion characteristics of mobile radio, 
measures are required for safeguarding 
the information to be transmitted. In 
addition to the random ignition interfer- 
ence caused by vehicles, the radio dialog 
is subjected to burst interference result- 
ing from Rayleigh fading. The duration 
of the interference depends on the speed 
of the vehicle. 


For technical and economic reasons, a 
short code was selected for the C450 
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2.4 s frame containing 32 time slots 
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Fig. 1 Frame and block structure in the control channel 
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Fig.2 Time sharing procedure with the sequence of received evaluation criteria for a cluster size c = 7 


a Location of a mobile station 

b Time sharing principle of the control channel 

c Receive level in a mobile station as a function of time 

d Distance criteria of a mobile station as a function of time 
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Fig.4 The ten codewords generated on the transmit side are stored line-by-line in a block and read out 


column-by-column for transmission 


system with the generator polynomial 
BCH (15;7) (Bose Chaudhuri Hoc- 
quenghem). With the advantage of 
a simplified decoder circuit, the cor- 
rectability of shorter codes — relative to 
the redundant component — is greater. 


The data information consists of 
150 bits, composed of 10 code words 
each 15 bits long, each code word 
being divided into 7 message and 8 re- 
dundant bits. The net data informa- 
tion content of each block 1s there- 
fore 70 bits. 


With the Hamming distance 5 of the 
BCH (15;7) block code, a maximum of 
two bit errors can be corrected and up to 
four errors detected in each code word. 
This gives a total correction capability of 
20 bits for all 10 code words in the 
signaling block. Since interleaving of 
the safeguarded signaling block is 
employed, an effective immunity to 
burst interference is achieved. To this 
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end the ten code words generated on the 
transmit side, both in the MS and in the 
BS, are stored line-by-line in an array 
(see Fig. 4) and read out for transmis- 
sion column-by-column. This procedure 
causes burst interference to appear as 
randomly distributed with respect to the 
individual code word. The messages of 
such signaling blocks contain the iden- 
tities of the base and mobile stations and 
the instruction to reduce or increase the 
transmitted power, and are used for 
transmitting parameters, limiting values 
or dialing information. In the case of 
channels subjected to more severe inter- 
ference, there is a residual error rate due 
to the limited correction capability of 
the message safeguarding procedure. 
This could give rise to wrong connec- 
tions (when transmitting dialing infor- 
mation, for example) and to prevent 
this, error detection is used for this type 
of message. If errors are detected, the 
message 1s retransmitted. 


Data exchange in the control channel 


Since the message information accounts 
for 70 bits of a block, it also determines 
the signaling capacity of the system. On 
the other hand, the processing of control 
procedures requires a large number of 
messages which would far exceed the 
block length. For this reason, 6 of the 70 
message bits have been defined as an 
operation code, enabling 64 different 
types of message to be identified for the 
remaining 64 bits. The control channel 
issues both concrete messages to certain 
mobile stations and dummy calls as filler 
signals. Using both types of transmission 
in the time-shared control channel, all 
mobile stations located in the traffic area 
assign themselves permanently to the 
correct cell in accordance with relative 
distance measurement criteria [1]. The 
data dialog itself takes place in a fixed 
time frame. If one of the dialog partners 
transmits a message in the control chan- 
nel mode, he expects a response in the 
next-but-one time slot (after 150 ms); 
this allows the addressed dialog station 
sufficient time to evaluate the block 
message. It is basically possible for the 
response to be transmitted in another 
channel. In this case retuning of the 
synthesizer takes place. The most im- 
portant signaling dialogs in the control 
channel mode are the check-in and cell 
change, an adaptive polling procedure 
for updating the check-in file of each BS 
and setting up incoming and outgoing 
calls. 


The signaling diagram (Fig. 5) will be 
used to describe the exchange of mes- 
sages in one of the data dialogs in the 
control channel mode, the “call setup, 
outgoing.” 


In the C450 mobile radio system, the 
call setup (both outgoing and incoming) 
is performed in the control channel with- 
out seizing a voice channel. The moment 
at which voice channels are seized, 
therefore, depends entirely upon com- 
mon call processing procedures [2]. In 
the case of “call setup, outgoing,” the 
mobile station transmits an outgoing call 
request (OCR) in the control channel, 
to which the base station responds by 
requesting the dialing information 
(RDI). The successful transmission of 
the dialing information (TDI) is ac- 
knowledged by the base station (DIC/ 
CDIQ). If the base station is not in the 
queuing mode, the outgoing call setup 
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(OCS) is then completed by the seizure 
of a traffic channel. In the queuing 
mode, all available traffic channels in 
the base station are busy and the mobile 
user 1s informed of this by means of an 
optical signal. Despite this situation, 
there is no need for dialing to be repe- 
ated, and the call setup is performed 
automatically as soon as a traffic channel 
becomes available. 


Traffic channel mode 


During seizure of a traffic channel the 
mobile station leaves the control chan- 
nel mode and thus its signaling contact 
for the duration of the call. In order to 
maintain the data dialog between base 
and mobile stations during a call, digital 
in-band signaling is used in the C450 sys- 
tem. This makes possible the following 
functions: identification of radio links to 
individual users for reliable registration 
and transfer of call charges; continual 
monitoring of link quality; mutual con- 
trol of transmitted power and handoff to 
another traffic channel [3]. 


The following criteria had a crucial influ- 
ence on the selection of this method: 


e The in-band signaling distributed 
throughout the call is evaluated to 
obtain evidence of the mean quality in 
the traffic channel. 


e The in-band signaling bursts must be 
as short as possible in order to keep the 
echo delay of the analog voice signal as 
low as possible. 

The principle of in-band signaling is 
illustrated in Fig. 6. The analog voice 
signals are divided into blocks of 12.5 ms 
(line 1). These blocks are compressed by 
about 10% (line 2), leaving periodic 
time slots of about 1.1 ms (line 3), into 
which 4-bit data blocks are inserted and 
transmitted along with the compressed 
speech (line 5). Between the com- 
pressed analog speech and the data sig- 
naling blocks, buffer zones are pro- 
vided, in which transients between the 
two different signal conditions are inter- 
cepted. In the receiver the data and 
voice signals are separated again (lines 6 
and 7) and the voice signal is expanded 
to restore the original signal (line 8). 
The delay for the analog voice signal 
caused by this procedure corresponds 
approximately to the length of one time 
slot or 1.1 ms. 


The structure of the signaling block in 
the connection monitoring mode is iden- 
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Fig.5 Signaling in the control channel under optimum conditions 
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Fig.6 In-band signaling in the call condition 


tical to that in the control channel mode 
and consists of 184 bits (33-bit preamble, 
1 dummy bit, 70 message bits and 80 
redundant bits). In contrast to the con- 
trol channel mode, however, the dura- 
tion of information transmission is 
expanded by a factor of 16 (one sub- 
frame). Four bits are transmitted in each 
of the periodic time slots, so that 46 time 
slots are required for transmitting all the 
information. Two time slots containing a 
total of 8 bits are not used, making a 
total of 48 time slots. This reduces the 
effective transmission rate to 300 bit/s. 


Data dialogs in the traffic channel mode 


A distinction is made between two forms 
of signaling in the traffic channel mode. 
Concentrated signaling refers to the 
block in which the 184 bits are transmit- 
ted in 37.5 ms (half a time slot), corres- 
ponding to the control channel mode. 
Burst signaling means in-band signaling 
in the call condition with distributed 
transmission of the signaling block and a 
block message duration 16 times as long 
as in concentrated signaling. 
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A traffic channel is always seized using 
concentrated signaling in an initial hand- 
shake. The individual messages from the 
base and mobile stations are transmitted 
simultaneously and, if necessary, several 
times in succession. During this hand- 
shake procedure, transmission quality is 
measured using the radio criteria of field 
strength and phase jitter. If the quality is 
too low, the seizure is aborted and a new 
channel is allocated. The signaling 
dialogs of major importance in the traf- 
fic channel mode are: the support of 
incoming and outgoing call setup; 
release at the end of a call; intercell 
handoff to a traffic channel assigned to 
an adjacent cell (when a mobile station 
crosses a cell boundary); and intracell 
handoff in case of cochannel interfer- 
ence. The interchange of messages will 
be explained by reference to the signal- 
ing diagram shown in Fig. 7, using 
intracell handoff as an example. 

If the received signal quality is good, the 
connection via the paging channel be- 


tween the mobile and base stations (HC, 
HCA) is maintained by means of the in- 
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Fig.7 Signaling in the traffic channel under optimum conditions 


band burst signaling procedure. An 
intracell handoff is initiated if the speech 
quality of the connection deteriorates 
within the cell area due to cochannel 
interference (high phase jitter at high 
field strength). 


In the example shown, the process is 
initiated on the basis of the quality 
evaluation performed in the mobile sta- 
tion which makes a handoff request 
(IHOR) to the base station. This is fol- 
lowed by a handoff instruction (I[HOT) 
from the base station, specifying the new 
traffic channel, and a handoff request 
(IHOR) from the mobile station which 
initiates the process for retuning to the 
new traffic channel frequency. The 
retuning is followed by an exchange of 
handoff criteria in concentrated signal- 
ing mode (HOBS, HOMS). Subsequent 
to this barely noticeable interruption, 
the conversation can be continued (HC, 
HCA). 


Derivation of radio criteria 
from the signaling 


In addition to the information deter- 
mined directly from the signaling, the 
radio criteria for distance and speech 
quality are derived indirectly. 


Distance measurement 


Cell boundaries are detected in the 
C450 system by distance measurement 
in both the idle condition (control chan- 
nel mode) and the busy state. All neigh- 
boring base stations transmit with an ini- 
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tial phase related to the time slot frame 
[4], incorporating the smallest possible 
phase error (synchronous network). The 
delays in the radio equipment caused by 
temperature and aging are equalized or 
calibrated in both base and mobile sta- 
tions. 


The correlation result is determined 
with high quantization from the 33-bit 
preamble contained in the signaling 
block. These results are measured in a 
phase coder, which is set in the base sta- 
tion by the initial network phase and in 
the mobile station by the reference base 
station to which the mobile station is 
currently checked in. The distance crite- 
rion is derived from this phase measure- 
ment, permitting measurement accuracy 
of about 300 m [3, 5]. 


Absolute distance measurement, similar 
to that used in fault-locating systems, is 
performed in the base station, assuming 
image operation of the mobile station 
(ideal equalization of equipment delay). 
By contrast, the mobile station employs 
relative distance measurement. In this 
procedure the signals of the reference 
base station are set in relation to the sig- 
nals of all base stations which can be 
received. In this way, regardless of its 
current location, each mobile station in 
the idle condition is able to automati- 
cally assign itself to the correct cell. An 
equivalent method is employed for the 
handoff of calls whenever the mobile 
station crosses a boundary into another 
cell. 


Speech quality 


The signal-to-noise ratio is derived from 
the burst signaling data as a measure of 
the link quality in the C450 mobile radio 
system. For this purpose, the phase jitter 
in the data signal is measured with high 
resolution and _ evaluated block-by- 
block. In contrast to field strength mea- 
surement alone, this permits the detec- 
tion of cochannel interference, leading 
to the initiation of intracell handoff 
where necessary. 


Implementation of signal processing 


As arule, signal processing is performed 
in the control equipment. A greater 
degree of control is required compared 
to earlier systems, not only to master 
more complex interference situations 
affecting the transmission system, but 
also to meet the requirements for max- 
imum channel usage, spectrum effi- 
ciency, system flexibility, convenience 
of operation and economic benefits for 
the system operator. This calls for the 
use of decentralized microprocessor 
controllers in both the fixed and mobile 
equipment. The technological feasibility 
of this was considered at the technical 
planning stage. 


Despite the extremely complex nature 
of the signaling process, the implemen- 
tation of the latest microprocessor and 
LSI technology has made economic so- 
lutions a reality. 
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Accessibility of Mobile Stations 


The special requirements resulting from 
the mobility of the users make the crea- 
tion and management of a file system in 
the base stations and mobile switching 
centers an important function in a 
mobile radio system. This file system 
holds the data required for processing 
basic functions, such as the setting up of 
a call to a user. This article describes 
how a dynamic physical image of the 
base stations which can be received is 
created in each mobile station. Using 
this image, the mobile station selects the 
most suitable base station. As soon as a 
mobile station is switched on, its loca- 
tion (cell) is recorded by the file system. 
Whenever the mobile station changes its 
location or is switched off, the file sys- 
tem must be updated accordingly. For 
this reason, all check-ins, cell changes 
and check-outs must always be matched 
to dynamic activities. 
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File system for the registration 
of roaming mobile users 


The requirement that every active 
mobile station (MS) should be perma- 
nently accessible, without its location 
being known, calls for the creation and 
management of a comprehensive file 
system. The following sections describe 
the three types of file implemented in 
the C450 mobile radio system (Fig. 1). 


The three files are: the active data file, 
which is held in the base station (BS), 
and the home data file and visitors’ file, 
which are both maintained in the mobile 
switching center (MSC). The activities 
which continuously update the file sys- 
tem are also described. The messages 
associated with check-in, cell change and 
check-out, which are exchanged be- 
tween the base station and the mobile 
switching center, are transmitted using 
CCITT No. 7 common channel signaling 
and are termed “mobile user part mes- 
Sages.” 


Active data file 


The active data file is set up in the base 
station as a central system element for 
all mobile stations operating within the 
base station area (cell). It constitutes the 
most decentralized stage on the station- 
ary side of the system for the adminis- 
tration of important user data. The 
active file classes a mobile station as 
active if its check-in or handoff is con- 
firmed as valid by the home data file [1]. 
Only then is the identification number of 
the mobile user (user number) entered 
in the active file. On this basis, the 
active file distinguishes between the fol- 
lowing statuses for each registered user 
number, depending on the situation: 


e the active mobile station is idle and 
therefore is accessible, or 
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e the mobile station is busy with an 
incoming or outgoing call. 


These statuses are accessed immediately 
when a call is set up. If the mobile sta- 
tion 1s already making a call, a further 
attempt to set up a call is terminated 
immediately. These measures minimize 
the number of unsuccessful call attempts 
occupying radio channels. 


The user numbers stored in the active 
file are also checked periodically by pol- 
ling specific numbers entered in the file. 
If the polling call remains unanswered 
after several attempts, the number is 
forwarded to the files in the mobile 
switching center with an appropriate 
message. This inventory check is neces- 
sary to establish whether users are 
no longer accessible, e.g. after driving 
into a garage or leaving the coverage 
area [1]. 


If a handoff to another base station 
becomes necessary for a mobile station, 
the relevant mobile switching center is 
informed by means of a valid entry in 
the active file of the new base station. 
The mobile switching center then can- 
cels the existing file entry in the previous 
base station [1]. 


Home data file 


Each mobile user 1s assigned a specific 
location under his user number in the 
home data file of his home mobile 
switching center. This entry serves for 
the user throughout the system coverage 
area. In addition to the permanent user 
data, such as mobile station identity 
number protection, category and service 
features, the home data file also stores 
the variable mobile user data: the 
operating status and current location of 
the mobile station. 
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Fig. 1 File system for registration of mobile user data 


By definition, a mobile station is 
e@ on “standby,” if it is not switched on; 


e “active, home,” if it is operational 
within the coverage area of its home 
mobile switching center — in this case, 
the location recorded is the destination 
point code (DPC) of the base station, 
with which the mobile station is cur- 
rently in radio contact; 

e “active, visiting,” if it is operational, 
but not within the coverage area of its 
home mobile switching center — the loca- 
tion recorded in this case is the DPC of 
the mobile switching center, in whose 
area the mobile station is operating. 


A request to the home data file, there- 
fore, will always elicit the information 
necessary for accessing an active mobile 
user [1]. 


Visitors’ file 


A visitors’ file is also available in each 
mobile switching center. This contains a 
copy of the fixed user data from the 
home data file, which is generated 
whenever a mobile station leaves the 
home coverage area. Consequently, 
only active mobile users can ever be 
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recorded in a visitors’ file. Again, the 
DPC of the base station, with which the 
mobile station in question is currently in 
radio contact, is recorded as the location 
of the mobile station. 


The visitors’ file was introduced as a 
dynamic means of enhancing the perfor- 
mance of the file system. Its implemen- 
tation means that a dialog between the 
mobile station and the home mobile 
switching center is not necessary at 
every handoff. The entry in the visitors’ 
file is deleted when the mobile station 
either leaves the coverage area of the 
mobile switching center holding the file 
or is switched off [1]. 


Cell selection by the mobile station 


The control channels of the radio system 
are divided among the base stations of a 
service area on a time-sharing basis. The 
radio system is designed to operate on a 
synchronous basis [2]. This principle 
enables all the base stations within a 
coverage area to be received virtually 
simultaneously by the mobile station 
(coverage area is here as perceived by 


Active data file 
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Fixed network 


Home data file 
for mobile user A 


[User : 2624680 
Cat :PLMN 


RE _ Regional exchange 
VF _ Visitors’ file 


the mobile station and consists of the 
random areas of several cells, which 
vary continuously due to the movement 
of the mobile station). One of the most 
important radio system functions in the 
mobile station is to maintain an up-to- 
date image of this coverage area, and 
thus of the radio accessibility of the base 
Stations within it, and then to select the 
most suitable base station from those 
available, according to _ prescribed 
criteria. 


Monitoring the radio path 


In order to build up an image of all 
accessible base stations within its current 
coverage area, the mobile station con- 
tinuously detects the unique identifica- 
tion number relating to a receivable base 
station contained in each time slot in the 
assigned control channel, after initial 
synchronization. For each clearly iden- 
tified base station, the following radio 
data are then measured and the mean 
values determined: 


e received level in the transceiver unit, 


e distortion (jitter) of the received digi- 
tal signals, and 
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e relative received phase (delay) of the 
received signals. 


In addition, several other radio parame- 
ters are extracted from the signaling. 
The processes of associating control 
channel time slots to the base station 
numbers and of continually updating 
and averaging the associated radio data 
finally result in an image in the mobile 
station of the current coverage area. 
This process lasts as long as the mobile 
station is receiving on one of the control 
channels — for active mobile stations, 
this is the case at virtually all times, 
except during a call. 


Selecting the most suitable base station 


The dynamic processing in the mobile 
station of data from all receivable base 
Stations in a coverage area, described 
above, enables the most suitable base 
station to be selected. The method of 
selection is determined by the following 
parameters: 


e ist method: selection according to 
signal level, as shown in Fig. 2a, and 


e 2nd method: selection according to 
relative distance measurement, as 
shown in Fig. 2b. 


When selected by the mobile station on 
the basis of signal level evaluation, the 
coverage areas of the relevant base sta- 
tions overlap to a considerable extent as 
a result of the topography, vehicle 
movement and irregularities of radio 
propagation (Fig. 2a). By contrast, the 
selection mode using relative distance 
measurement produces very clearly 
defined boundaries in the form of hyper- 
bolic sections (Fig. 2b). With this 
method the reuse of frequencies in the 
system is improved considerably. 


BS Base station 


The procedure for selecting a base sta- 
tion is repeated in the mobile station 
periodically at 2.4-s intervals. Owing to 
the considerable fluctuations in_ the 
received data that can occur, not one, 
but several procedures to select another 
base station must be _ performed, 
depending on the method. The mobile 
station is not handed off to another base 
station until the signals from that station 
exceed the specified selection limits [1]. 


Check-in, cell change 
and check-out procedures 


The primary task of the file system man- 
agement is to be able to locate a mobile 
user throughout the system area. By this 
means, a user can be reached with a 
single call, without his current location 
being known (optimum routing control). 


Check-in 


As soon as a user switches on his mobile 
station, radio contact is established with 
the system. To this end the mobile sta- 
tion selects the base station with the 
radio characteristics most favorable to 
it, transmits a check-in message to the 
base station and awaits a positive or 
negative acknowledgment. The base sta- 
tion then enters the user in the active 
data file, passes the check-in message to 
the mobile switching center and in turn 
waits for an acknowledgment. The 
mobile switching center then registers 
this user as active in its file system, the 
relevant base station being entered as 
the current location for the user. A 
check is first made to determine whether 
administrative blocking entries have 
been made for this user. 


There are two different types of check-in 
procedure. In the first, the check-in is 


Fig.2 Definition of cells by means of (a) signal level measurement and (b) relative distance measurement 
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performed in the coverage area of the 
mobile station’s home mobile switching 
center and only the variable user data 
need to be updated in the home data 
file. In the second case, when the user 
checks in outside the coverage of his 
home mobile switching center, an entry 
must be made for him in the visitors’ 
file. In this case, the user is also regis- 
tered in his home data file as “active, 
visiting another MSC” and his current 
location is noted. When all the home 
data have been received, they are 
entered in the visitors’ file. When the 
registration procedure has been com- 
pleted, an acknowledgment is forwarded 
via the base station to the mobile sta- 
tion. If this acknowledgment is positive, 
the mobile station is ready for opera- 
tion. 


Cell change 


Since a mobile station generally con- 
tinues to move after transmitting the 
check-in message, it iS necessary to 
update the file system whenever the 
mobile station crosses from one cell into 
another. 


The mobile station continually monitors 
the surrounding base stations and, on 
finding a base station with better recep- 
tion conditions than the existing one, it 
transmits a cell-change message to the 
new base station and awaits an acknow- 
ledgment. This base station then enters 
the user in the active data file and for- 
wards the message to the mobile switch- 
ing center, from which it likewise awaits 
an acknowledgment. The file system is 
updated in the mobile switching center, 
which normally only entails changing the 
location in the home data or visitors’ 
file. If, however, the mobile station 
moves from one switching center area to 
another, handoff messages must also be 
exchanged between the two switching 
centers. 


The updating of the file system also 
involves deleting the user data from the 
active data file of the base station, 
through which the mobile station was 
last in radio contact. If the mobile sta- 
tion remains within the coverage area of 
a switching center during this change, 
the deletion is effected by means of a 
check-out message sent from the switch- 
ing center to the base station. If a 
change is made from one switching 
center coverage area to another, it may 
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be necessary to generate an entry in one 
visitors’ file and delete an entry from the 
visitors’ file of the other switching 
center. All necessary activities are initi- 
ated by means of cell change messages 
from one switching center to the other. 


After the file system has been updated, 
the cell change request is acknowledged 
to the base station, which then forwards 
this acknowledgment to the mobile sta- 
tion [1, 3]. 


Check out 


If a mobile station cannot be accessed by 
radio, the base station transmits a check- 
out message to the mobile switching 
center, after the user’s number has been 
deleted from the active data file. For this 
purpose, all mobile user numbers in the 
active data file are monitored periodi- 
cally by means of polling calls to the 
mobile stations. In the mobile switching 
center, the check-out message causes an 
update of the file system, which results 
in the mobile user finally being regis- 
tered as “on standby” in his home data 
file. 
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The maintenance of adequate speech 
quality, the avoidance of adjacent chan- 
nel interference and the continuous 
tracking of mobile stations demand the 
continual monitoring and evaluation of 
the radio environment, even while calls 
are being made. This interworking takes 
place in the mobile station, in the traffic 
channel and in the handoff receiver. In 
accordance with the operational require- 
ments, the evaluated results can initiate 
the timely handoff of a call, which can 
be carried out either for the currently 
active base station itself, or for a neigh- 
boring base station. 


To ensure that the correct measures are 
initiated, a clear distinction must be 
made between an intracell and an inter- 
cell handoff. 


In the event of inadequate quality of 
speech, the mobile station can only 
request an intracell handoff. 
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Cellular radio systems with a high chan- 
nel usage should have all the informa- 
tion pertaining to the passive accessibil- 
ity of users available at all times, while 
maintaining optimum transmission qual- 
ity for the user in the active call condi- 
tion. This applies in particular whenever 
the mobile station in question leaves its 
coverage area (cell), for then the hand- 
off to the adjacent cell or base station 
becomes a matter of urgency. The hand- 
off procedure itself should take place 
without noticeably interrupting the call. 


Assuming that the cochannel spacing is 
about 4.5 times the mean cell radius, the 
call handoff must be made precisely 
at the planned cell boundary in order 
to minimize cochannel interference. 
Whenever a mobile station crosses a 
planned cell boundary, it always results 
in a handoff (Fig. 1). The point at which 
such a boundary is reached or crossed is 
determined from the relative distance 
measurement. To further reduce co- 
channel interference, the transmitted 
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Fig. 1 Possible operating statuses of a mobile 
station as a function of field strength and jitter 
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Fig. 2 Cell boundaries resulting from the monitoring of the radio path in two situations: 


a All base stations are emitting the same relative distance information 
b_ All base stations are emitting different relative distance information 


power level in both the base and mobile 
Stations is continually adjusted to the 
lowest level necessary to maintain 
speech quality. 


Monitoring the radio path 


Special equipment is provided in the 
base stations to ensure that each mobile 
station can be “tracked” continuously 
wherever it roams. The equipment con- 
sists of specially programmed handoff 
receivers which continually monitor the 
radio path. These handoff receivers can 
also be programmed with the planned 
cell boundary parameters, so that cell 
boundaries with the most varied outlines 
can be defined (Fig. 2). 


As soon as a base station determines 
with the aid of its handoff receiver that a 
mobile station is entering its cell, it initi- 
ates the “forced handoff” from the pre- 
vious base station. 


A prerequisite for satisfactory radio 
path monitoring is a synchronized net- 
work of sufficient accuracy. This alone 
allows all traffic channels, handoff 
receivers and other devices to be con- 
trolled by a common time signal; this 
signal then applies as a reference value 
for all measurements. 


If all base stations and mobile stations 
transmit “markers” at precisely defined 
times during radio transmission, the 
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Fig.3 Cell boundary definition for the handoff 
receiver 


time displacement (delay) can be used to 
determine how far the mobile station is 
from the base station. Using the delay of 
a radio message and the transmitted dis- 
tance information, the handoff receiver 
calculates the relative distance (Fig. 3) 
from the base station. The result in turn 
can be passed on along with a radio mes- 
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sage, in order to provide an aid to calcu- 
lation for the handoff receivers of the 
surrounding base stations. 


In network C of the Deutsche Bundes- 
post, West Germany’s PTT, up to 40 fre- 
quencies can be monitored by each 
handoff receiver currently, but any 
other number of frequencies can be set 
by simply exchanging the software (sys- 
tem file). Furthermore, the number of 
frequencies monitored can be increased 
to 240 by the installation of additional 
handoff receivers (maximum of six) in a 
base station. This development is antici- 
pated above all in urban areas, where 
the formation of small cells must be 
expected as a consequence of the 
increased traffic volume. 


Call handoff 


An important feature of modern mobile 
radio systems 1s the connection monitor- 
ing. This takes on a particular signifi- 
cance in conjunction with the cell 
boundary detection system implemented 
in network C, and ensures a high fre- 
quency-reuse factor. In this network, 
the following three basic types of call 
handoff are processed in different ways: 


e Intracell handoff, initiated as soon as 
cochannel interference occurs. 


e /ntercell handoff, if the transmission 
quality falls as the planned cell boundary 
is approached. 


e Forced handoff, on the basis of rela- 
tive distance measurement, if a mobile 
station has crossed a cell boundary. 


The need for an intracell handoff can be 
recognized without additional equip- 
ment by the detection of cochannel 
interference in the base station, where 
the handoff process can also be initiated. 


In order to perform intercell or forced 
handoffs, the individual base stations 
are equipped with handoff receivers 
which continually scan all the traffic 
channels used in the neighboring cells. 
By means of this precautionary mea- 
sure, the handoff receiver maintains an 
up-to-date record of the mean field 
strengths of all mobile stations operating 
in the particular cell. If a mean value 
exceeds the specified threshold, the con- 
nection is identified (by the numbers of 
the base and mobile stations) and the 
base-to-mobile distance is measured [1]. 
These data are stored in the handoff 
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receiver, so that the handoff can be per- 
formed without delay when a boundary 
is crossed. 


To ensure accurate detection of the cell 
boundaries, the handoff receiver is pro- 
vided with the numbers of neighboring 
base stations and its own cell parameters 
in the system file, in addition to the 
parameters relating to the distance from 
neighboring base stations and the chan- 
nels to be monitored. 


In the case of an intercell handoff, the 
base station is not able to specify which 
neighboring base station should take 
over the connection to the mobile sta- 
tion. For this reason, it submits a hand- 
off request to the nearest mobile switch- 
ing center. From there requests are sent 
to the surrounding base stations, which 
respond according to the data stored as a 
precaution in their handoff receivers 
adding the number of an unassigned 
channel. The mobile switching center 
then decides whether any other base sta- 
tion is receiving a stronger signal from 
the mobile station than the existing one 
and, if so, it commands the mobile sta- 
tion via the original base station to 
switch to the new channel. 


The forced handoff procedure is initi- 
ated by the handoff receiver of the new 
base station, into whose cell the mobile 
station has moved. For this purpose, the 
base station not only notifies the mobile 
switching center of a new channel to 
which the existing call can be handed 
off, but also informs it of the neighbor- 
ing base station with which the mobile 
station is still in contact, as identified by 
the handoff receiver. The mobile switch- 
ing center can then initiate the handoff 
with a single directed command. A 
forced handoff as a consequence of cell 
boundary detection is thus the type of 
handoff which generates the least data 
and which occurs most frequently in cel- 
lular radio network C. 
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In contrast to switching systems for 
stationary, ‘‘hardwired” subscribers, 
additional organizational measures are 
required in switching systems for mobile 
users. The crucial factors affecting the 
quality and acceptability of a mobile 
radio switching system are the availabil- 
ity of users, the continuity and quality of 
voice transmission, and optimum system 
availability (optimum use of frequen- 
cies). 


The design of the mobile switching cen- 
ters is based on the EWSD system. The 
centers are interconnected on a full 
mesh basis by duplicated CCITT No. 7 
signaling channels [1]. Traffic and sig- 
naling channels to the associated base 
stations enable speech and signaling to 
be transmitted separately. 


Administrative tasks 


Since the availability of a mobile user 
can only be guaranteed if his location is 
known, continuous recording and evalu- 
ation of specific mobile user data is 
necessary [2]. For this purpose, the loca- 
tion is represented by the cell in which 
the mobile user or mobile station is cur- 
rently located (Fig. 1). 


When the mobile station is switched on 
by the user with the aid of his authoriza- 
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tion card, it checks in to the base station 
in the cell most suitable for transmis- 
sion. The base station records this infor- 
mation in its active data file and also 
passes it on to the associated mobile 
switching center, which makes the 
necessary entries in the user’s home data 
file. From this moment on, the user is 
regarded by the system as “‘active’’ and 
can thus make use of the call processing 
facilities. 


The mobile user’s location stored in the 
file system is subject to change, either as 
a result of his mobility (in both the idle 
and busy conditions) or because the cell 
in which he is currently located is 
blocked due to queuing. This process is 
termed cell change. The deactivation 
(check-out) of a mobile user, on the 
other hand, is a passive process which 
occurs whenever polling calls from the 
base station to the mobile station are not 
answered within a given time. The 
reason for this may be that the mobile 
station has been switched off or has left 
the coverage area. 


Call setup 


Incoming call setup to the mobile user 


When an incoming call request is 
received, reference is first made to the 
user’s home mobile switching center 
using the mobile user’s directory 
number. The call processing information 
extracted from the file in the home or 
visited mobile switching center can then 
indicate the following: 


e The mobile user is not active (has not 
checked in). 

e The mobile user is active (has checked 
in) and is visiting cell X. 

e The mobile user visiting cell X is busy 
(making a call). 
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MSC Mobile switching center 
PSTN _ Public switched telephone network 
VDF _ Visitors data file 


(@) The stationary, “hardwired” subscriber gains access to an MSC by dialing the mobile network prefix and the mobile 


user directory number. 


(2) | The MSC sends a request to the user’s home MSC. The home data file holds the information indicating whether the 


user is active and in which cell he is currently located. 


(3) | The mobile user is in the coverage area of another MSC, where his presence is recorded in the visitors’ file. 


(4) The active data file of the base station in whose cell the mobile user is located indicates whether or not the user is 
making a call. If he is, the PSTN subscriber receives a ‘“‘busy” signal. 


(5) Ifthe mobile user is not busy, the call is forwarded by radio from the base station to the mobile station. 


Fig.1 Single call access to a mobile user 


In the first case, therefore, the calling 
user hears a recorded message that the 
“mobile user is temporarily unobtain- 
able” and, in the third case, a “‘busy” 
tone. In neither case is radio contact 
necessary to provide the information. If 
the called mobile user is active but not 
making a call, the call request is for- 
warded by the mobile switching center 
(home or visited) to the base station in 
whose area the mobile user is currently 
located. The base station advises the 
mobile station of the call request via the 
control channel and _ simultaneously 
specifies a voice channel. Once a traffic 
channel of sufficient quality has been 
selected, and the subsequent loop test of 
the traffic circuit has been carried out, 
the connection is set up. The ringing 


tone is then applied to the speech circuit 
to the mobile user. When the mobile 
user answers, the call is switched 
through and charge registration com- 
mences. 


Outgoing call setup 


The ‘“‘calling’” mobile user initiates an 
“outgoing” call by pressing the start 
key, “Dial,” to transmit the required 
directory number. The mobile station 
advises the base station via the control 
channel of its dialing request. In the 
base station, the dialed number is 
checked for correctness, and repeated if 
necessary before being forwarded to the 
mobile switching center where the user’s 
authorization is checked. After request- 
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ing the traffic channel and positive con- 
tinuity test, the call to the mobile station 
is switched through. In parallel with this, 
the mobile switching center sets up a 
connection to the public switched tele- 
phone network (PSTN). 


Call condition 


Call supervision 


Mutual connection monitoring between 
the base and mobile stations is provided 
in the call condition. This is achieved by 
inserting digital signals in the analog 
traffic signals [3] and enables the follow- 
ing to be performed during a call: 


e transfer of charge registration to the 
mobile station, 

@ testing of transmission quality and, if 
necessary, the handoff to another traffic 
channel or to another cell, 


e switchover of traffic channel operating 
mode to speech scrambling (inverted 
speech) under user control, 

e mutual identity checking by base and 
mobile stations to avoid the duplication 
of connections, 


e release of connection and termination 
of charge registration upon loss of radio 
contact. 


In-call handoff 


An in-call handoff, i.e. a change of traf- 
fic channel during a call, initiated by 
radio criteria [4] involves the changing 
of the location within the system. Once 
the new speech path has been selected 
and set up, the old speech path is 
released and the call in progress is 
immediately switched to the new one. In 
this way, in-call handoff can be per- 
formed in a very short time (<500 ms). 


Call clear down 


The clear down of a call is usually initi- 
ated when either the calling (A) or the 
called (B) user releases. A clear down of 
the connection for technical reasons may 
also be appropriate, either if the trans- 
mission quality drops below a certain 
threshold or if the call cannot be passed 
on by means of an in-call handoff. This 
type of clear down is initiated automati- 
cally via the mobile station or via the 
traffic channel. When the call has been 
cleared down, the “‘busy”’ flag set for the 
duration of the call must be reset in all 
the system files. 
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Base station 


Call request 


Wait for 
traffic channel 
allocation 


Outgoing seizure with base station queuing 


OO 


Outgoing connection is acknowledged positively 


Fig.2 Call setup to PSTN subscriber with queuing 


Queuing 


In order to have adequate capacity, the 
design of a switching system must be 
based on the actual traffic volume, tak- 
ing statistical variations into account. 
The implementation of a queuing system 
allows these variations to be absorbed 
and also means a 15% saving in the 
number of traffic channels required to 
handle the traffic volume in systems with 
small channel sets. The percentage sav- 
ing is not as great in systems with larger 
channel sets, but a queuing system 
nevertheless has the advantage that call 
requests need not be repeated if no traf- 
fic channel is available when the call is 
first attempted, thus providing more 
convenient operation. 

As queuing systems allow continuous 
usage of traffic channels, dead time on 
the individual channels can be largely 
avoided. When the last available traffic 
channel is seized, the base station auto- 
matically establishes a queue of finite 
length. As long as space is available in 
the queue, all subsequent connection 
and handoff requests are added to it. 
When there is no longer sufficient space, 
all further requests must be rejected and 
the queue is then blocked. All active 
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mobile stations in the cell thus affected 
are informed immediately of this situa- 
tion, so that they may divert their 
requests to another cell with the aid of 
‘“neighbor-to-neighbor’”’ assistance. 


When a traffic channel becomes avail- 
able, it is allocated according to the 
waiting time and connection priority. 
After being entered in the queue, the 
dialed information for outgoing calls is 
forwarded directly to the mobile switch- 
ing center, which then immediately 
starts to set up the connection to the 
PSTN (Fig. 2). In the period between 
answering the call and allocation of a 
traffic channel, the called subscriber 
hears an appropriate recorded message 
(e.g. “Radio call -— please hold the 
line’). The mobile user is informed of 
his position in the queue via the display 
on his operating unit. For incoming 
calls, the call request is entered in the 
queue and the mobile switching center is 
informed of the queuing status in the 
relevant base station, whereupon the 
mobile switching center applies a ringing 
tone to the calling subscriber. Until a 
traffic channel is allocated, the called 
user 1s informed of the waiting call via 
the display on his operating unit. 


Channel requests as a result of in-call 
handoffs are likewise inserted in the 
queue, the existing connection being 
maintained until a traffic channel ts allo- 
cated in the new cell. 


When a traffic channel becomes avail- 
able in the base station, it is allocated 
according to the priorities: special ser- 
vice call, in-call handoff, as well as out- 
going and incoming calls. Within these 
categories, priority is given to the call 
request which has been waiting the 
longest. 


Overload protection 


Even systems with adequate capacity 
cannot always handle the traffic volume 
offered (e.g. for major public events 
within the coverage area of a call). In 
such cases, the base station concerned 
can exploit the features neighbor-to- 
neighbor assistance and call-time limita- 
tion to provide temporary protection 
against overloading. 


If its queue becomes blocked, the base 
station concerned informs all active 
mobile stations in its coverage area to 
this effect. Each mobile station then 
attempts to switch to a neighboring base 
station. In this way the traffic can be dis- 
tributed among several cells. 


A further measure for speeding up the 
allocation of voice channels to waiting 
user’s 1s the ability to limit the duration 
of calls (except special service calls). In 
such cases the mobile user is informed in 
good time of an impending call termina- 
tion by means of a signal to his operating 
unit, so that he has adequate time to fin- 
ish his conversation before the forced 
release of the connection. 
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Network Synchronism 
in the C450 Mobile Radio System 


In principle, there are two conceivable 
methods of operating the radio facilities 
in a wide-area mobile radio network — 
asynchronously (as in car telephone net- 
work B) and synchronously. Network C 
of West Germany’s PTT, the Deutsche 
Bundespost, is the first synchronous 
mobile radio system to be developed. 
Using this system as an example, the 
author describes the advantages, princi- 
ples and operating requirements of a 
synchronous network. 
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In modern mobile radio networks exten- 
sive organizational tasks arise, such as 
the checking in and out of mobile users 
or the transmission of dialing informa- 
tion. It seems logical, therefore, to 
transfer these activities, which are not 
an integral part of the mobile call, from 
the traffic channels to a separate control 
channel (duplex channel), in order to 
keep the limited number of available 
traffic channels solely for voice transmis- 
sion. In order to ensure efficient use of 
the frequency spectrum, the number of 
such control channels must be kept to a 
minimum. In a synchronous network, a 
single channel is sufficient for the 
exchange of control information, pro- 
vided a time-sharing method is used, in 
which each station is assigned a definite 
time interval (time slot) within a certain 
time frame. Where dictated by the vol- 
ume of traffic, additional time slots may 
be made available to a base station to 
cover increased traffic volume. Each 
time slot can be assigned any number of 
times, provided the cochannel spacing of 
two cells is maintained. 


In order to monitor the transmission 
quality and exchange control informa- 
tion between the base and mobile sta- 
tions during a call, digital data signals 
must be transmitted in addition to the 
analog voice signals. Since all base sta- 
tions in a synchronous network have the 
same time reference, mobile stations can 
synchronize with any base station. 
Under these conditions, the analog sig- 
nals can be compressed into blocks at 
specific intervals and the digital signals 
inserted in the slots thus created. This 
time-slot insertion enables speech and 
data to be transmitted in the same chan- 
nel. Since both types of information 
(speech and data) are required in their 
original form at the receiving end, the 
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data signals are decoded from the com- 
posite signal (in synchronism with the 
transmitter) and the remaining blocks of 
speech signals expanded to their original 
lengths. 


To ensure efficient use of frequencies, it 
is necessary that the traffic channels 
allocated to a base station are confined 
within the associated cell and not “car- 
ried off” into neighboring cells. If this 1s 
achieved, the frequency can be reused in 
another cell a relatively short distance 
away. With the aid of relative distance 
measurement, the location of a mobile 
station within the defined cell bound- 
aries can be detected and an in-call 
handoff initiated to prevent the fre- 
quency from being carried off. This 
measure can likewise only be imple- 
mented if a uniform time reference 
exists throughout the network, the accu- 
racy of the phase relationship between 
the individual base stations being 
directly proportional to the accuracy of 
the relative distance measurement. 


Methods of synchronization 


It is theoretically possible to synchronize 
the mobile radio network by directly 
linking the individual base stations by 
cable and feeding them with a system 
frequency. This solution, however, 
would require constant-delay, failsafe 
links of a high quality and must there- 
fore be rejected on economic grounds. 


The possibility of resorting to synchroni- 
zation with an existing standard fre- 
quency network (DCF 77) was not con- 
sidered, due to the dependence of wave 
propagation upon weather conditions 
and the resultant fluctuations in delay 
times. 


The most suitable solution proved to be 
an autonomous mobile radio network 
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which can synchronize its own base sta- 
tions by means of radio signals. To this 
end every base station must be equipped 
with special measuring equipment, the 
base station synchronizer. In addition, a 
direct line-of-sight radio link is required 
between neighboring base stations. This 
requirement is met by the size of the 
base station coverage area (cell) of 
about 50 km and by the largely collo- 
cated radio relay towers. 


Digital time control 


In order to permit the introduction of 
digital data transmission in the future, 
the standardized transmission rate of 
4.8 kbit/s is employed in the C450 mo- 
bile radio system. The in-band signaling 
of call identification data (10% of mes- 
sage data) is also taken into account, 
giving a total transmission rate of 
5.28 kbit/s, from which all time referen- 
ces for radio channel control are derived. 


Fig. 1 shows how the 2.4-s frame, 
marked in all base stations with a frame 
alignment signal, is divided into 32 equal 
parts (time slots) of 75 ms each. Each 
time slot comprises an “access channel” 
and a “paging channel” of 37.5 ms each, 
which can be used for transmitting mes- 
sages to and from the mobile and base 
stations at a rate of 5.28 kbit/s (for 
example, when a mobile user checks in). 


To ensure that the exact time reference 
is transmitted, each message in these 
paging and access channels is preceded 
by the Barker Code. This is a particular 
sequence of logical zero/one states 
which is relatively unlikely to occur in 
the “white noise”. The 198 bits of the 
access and paging channels are assigned 
as follows [1]: 


e Seven dummy bits mark the begin- 
ning and end of the block for the “soft” 
switching of the transmitter to prevent 
adjacent channel interference. 


e The first seven bits are followed by 
the Barker Code, which is transmitted 
three times for extra security (3 X 11 = 
33 bits). 

e The Barker Code is followed by a 
dummy bit which is used by all receiving 
equipment to generate a time reference 
for the subsequent information, if the 
Barker code has been correctly recog- 
nized three times in succession. 


e This is followed by 150 data bits, 70 of 
which contain message information and 
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Fig.3 Synchronization times 


are mixed in coded form with 80 redun- 
dant bits. 


The smallest externally identifiable unit 
of time is one bit of a 5.28-kbit/s data 
stream, 1.e. approximately 189 us. For 
internal control purposes (e.g. phase 
locking) this single bit is further divided 
into 128 equal parts, which gives a value 
of 1.48 us for the smallest control quan- 
tity. From the velocity of propagation of 
radio waves, this yields a figure of 
approximately 443 m as the distance 
resolution between base and mobile sta- 
tions, which is thus the network resolu- 
tion. 


Hierarchy 
of the mobile radio network 


With respect to synchronism, the entire 
mobile radio network is autonomous 
and can be operated without a reference 
input signal. It is still possible, however, 
to inject a standard frequency (e.g. 
cesium beam standard) at a defined 
point, in order to impress the accuracy 
of the external standard frequency on 
the network. To facilitate the handling 
of the various synchronization tasks in 
the network, the base stations have been 
categorized according to four different 
functions. Fig. 2 shows how these 
categories of base station might be 
arranged in an imaginary network. 


The initial base station, which deter- 
mines the time reference and the long- 
term accuracy of the whole network, 1s 
located approximately in the center of 
the area to be served. Its precision is 
determined either by its own crystal 
oscillator (aging 1 - 10°’ per day), or by 
an external frequency fed in as described 
above. In the case of an external fre- 
quency, the internal crystal oscillator is 
locked to the frequency of the external 
standard, so that it can continue to 
synchronize the network with the same 
accuracy on failure of the external stan- 
dard. 


The remaining base stations are 
arranged as normal base stations in con- 
centric rings around the initial base sta- 
tion, the ring structure being idealized in 
the example shown in Fig. 2. Each nor- 
mal base station receives its time refer- 
ence from the radio signal of a reference 
base station. For the first ring this is the 
initial base station itself; for the second 
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ring, it is a base station in the first ring, 
etc. If, for any reason, a normal base 
station cannot receive its reference base 
Station, it 1s able to switch to another 
station to maintain its time reference. A 
base station in the first ring has been 
designated as the standby initial base sta- 
tion to take over in the event of a failure 
of the initial base station and maintain 
network synchronization until the initial 
base station is fully restored. 


During network development — and also 
in isolated areas after the expansion of 
the network — a situation may arise in 
which a base station is incapable of 
receiving a reference base station. For 
this reason an isolated base station has 
been defined, which determines its own 
time reference. As this base station is 
not located within receiving range of the 
network, it is able to operate asynchro- 
nously — and generally does so. Its fre- 
quency accuracy is then determined by 
its integral crystal oscillator. 


The network is synchronized from the 
initial base station. The phase measure- 
ment in a base station follows the mea- 
surement of its reference base station as 
closely as possible, in order that its own 
phase deviation can be determined with 
the greatest possible accuracy. In prac- 
tice, this results in “synchronization 
waves,” as shown in Fig. 3, which are 
repeated at fixed intervals (at present, 
every 10 min). 
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During phase measurement, the trans- 
mitter power amplifier stages in the base 
station must be switched off, otherwise 
the considerably weaker incoming signal 
would be masked by the sideband noise 
from the transmitter. As measurement 
only occurs within a time slot (75 ms), 
however, this “break in transmission” 
only causes a very short, barely percep- 
tible click in the mobile station. 


Base station synchronizer 


The principal function of the base sta- 
tion synchronizer is to generate a frame 
alignment signal which is_ always 
synchronized to the network and is rela- 
tively fail-safe. Due to the second 
requirement, the base station syn- 
chronizer is duplicated, with the second 
unit operating in the “hot standby 
mode.” In the event of a failure, the 
switchover to the standby unit is made 
within 400 ns, so that there are no 
adverse effects on the operation of 
the base station or the network syn- 
chronism. 


The radio signals from a reference base 
station are received and the Barker code 
is decoded by the relevant “operating” 
equipment. With the aid of the station 
number also contained in the radio mes- 
sage, the distance to the transmitter is 
ascertained from the system file. Using 
this information, the deviation of the 
local phase setting from the set point can 
be calculated and subsequently elimi- 
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nated by a correction — phase tracking. 
The standby base station synchronizer 
(BSS) always tracks its time reference to 
that of the active BSS, so that it is pre- 
pared for switchover at any time without 
causing a phase shift in the process. 


As a result of setting tolerances, temper- 
ature and aging, the frequencies of the 
crystal oscillators employed differ mar- 
ginally from each other and must there- 
fore be corrected by means of frequency 
tracking. This takes place in the active 
BSS in accordance with the trend of 
measured phase errors, and in the 
standby BSS by means of a comparison 
of the crystal frequency with the period 
of the active BSS time signal. 


Since the receiver sections of the base 
station synchronizers also contain com- 
ponents subject to delay variation 
caused by temperature and aging, these 
variations must be prevented from 
affecting the phase measurement by 
means of delay equalization. In this pro- 
cess, the signals of the station’s own con- 
trol channel are received at short inter- 
vals and the phase 1s measured. Since all 
equipment in a base station operates 
with the time signal supplied by the base 


station synchronizer (i.e. fully synchron- 


ously), a value can be determined for 
the current delay of the BSS which 
serves aS a preset value for “zero 
meters” in every reference base station 
measurement. 
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Software Functions 
of the C450 Mobile Radio System 


In a mobile radio system, the functions 
demanded of the software are deter- 
mined on the one hand by the require- 
ments and expectations of the mobile 
users and, on the other, by the demands 
of the network operator. For the mobile 
user, it is important to be able to be 
reached anywhere in the mobile radio 
network and to be able to make a call 
with the minimum of interference while 
driving. From the network operator’s 
point of view, the requirements are for 
the greatest possible availability and 
ease of operation and maintenance, 
both locally in the base station and cen- 
trally from an operating and mainte- 
nance center. 


The C450 mobile radio system software 
is divided into the functional complexes 
call processing and radio processing on 
the one hand, and safeguarding, admin- 
istration and operation on the other. 
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The associated computer hardware is 
controlled by the relevant operating sys- 
tem. Defined areas are provided for 
each functional complex (processor 
function complexes) in the individual 
system computers. After the separate 
tests of the software of each computer, 
an important task is the checking of the 
functional interaction between the hard- 
ware and software of all computers. 
These tests must be performed in the 
real radio environment as well as in the 
test systems. 


Functional organization 


The functions necessary for mobile radio 
communication are shared between 
three computer systems: the mobile 
switching center (MSC), the base station 
(BS) and the mobile station (MS) instal- 
led in the vehicle. 


The software structure is largely deter- 
mined by: 


e the requirements of the mobile radio 
system, 

e the hardware structure of the com- 
puter systems, 


e the division of functions between the 
mobile and base stations and the mobile 
switching center. 


The broad division of functions between 
the MSC, BS and MS computer systems 
is shown in Fig. 1. 


Organization of software functions 
in the mobile switching center 


The basis of the software for the mobile 
switching center is the functionally 
segregated software of the EWSD [1] 
system, the majority of which is written 
in the high-level language CHILL and 
has been tried and tested in numerous 
switching systems around the world. The 


processors of the EWSD system [2], on 
which the software runs, constitute the 
first level of software organization 
(Fig. 2). 


The software functions form the second 
organizational level, which is divided for 
each processor into the three areas: 

® operating system software, 

e user software, 

@ support software. 


Operating system software 


As the interface between the hardware 
and the user software, the operating sys- 
tem must take account of the hardware 
characteristics of the processors. It pro- 
vides the user with the following func- 
tions: 


e controlling the execution of processes 
at various priority levels, 


e performance of input and output 
procedures, 


e time measurement functions, 


e safeguarding functions 
(e.g. recovery). 


User software 


User software in the coordination 
processor 


The coordination processor software ful- 
fills the following major functions: 

e mobile station tracking, 

e call processing, 

@ operation and maintenance. 

Mobile station tracking includes the pro- 
cedures for 

e check-in, 

e check-out and 

e mobile station cell change, 
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@ Maintaining optimum radio 
contact with the BS 

@ Forwarding outgoing call 
requests to the BS 


@ Forwarding incoming call requests 
to the user 


BS Base station 


BS 


Mobile Communication 


Wireline direct distance 
dialing network 


Maintenance and network 
administration center 


Common signaling channel 


@ Ensuring optimum radio contact 
with the active MS 


@ Administration of all users in 
cell with active mobile stations 


@ Ensuring network synchronism 


@ Assignment of traffic channels 
and administration of queuing system 


@ Supporting local and remote 
operation and maintenance of the BS 


@ Initiating handoff to another 
BS with better radio contact 


MS Mobile station 


Fig.1 Division of functions in the C450 mobile radio system 
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Fig.2 Software organization levels 


as well as the operation of a file system, 
comprising a home data file and a vis- 
itor’s file, which provides the call pro- 
cessing system with up-to-date informa- 
tion concerning the status (active or 
inactive) and current location of each 
mobile station. 


The call processing functions are: 


e digit evaluation, 

e routing control, 

e pathfinding, 

e charge registration, 


EWSD software 


Trunk group 
oe processors — 


Decentralized software 
in the processors of the 


line-circuit area 
Common channel 
signaling processors 


e call setup in the queuing mode, 

e call handoff on change of cell. 

The individual operation and mainte- 
nance functions include: 

e administration of user data, 


e administration of line and equipment 
data, 


e transmission of charge data, 
e diagnosis and configuration, 
e alarm indication, 


@ providing remote operation interface 
to the base station. 
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@ Administration of active users 
of all connected BS 


@ Transferring mobile calls to 
the wireline telephone 
network and vice versa 


@ Handoff of base-to-mobile 
connection to another BS in 
the same or another MSC area 


@ Supporting remote operation 


MSC Mobile switching center 


User software for the trunk groups 
This software has three main functions: 


e Preprocessing of events at the net- 
work interface. These events are con- 
verted into logical information and for- 
warded to other processors as required, 
e.g. release of a subscriber in the direct 
distance dialing (DDD) network. 


e Conversion of logical information 
from other processors into physical sig- 
nals (e.g. transmission of digits). 


e Level 4 procedures for the signaling 
transfer control in accordance with 
CLIT Ne. 7. 


User software for common channel 
signaling 


This software contains the signaling 
transfer control per CCITT No. 7 for 
levels 1 to 3. In contrast, the mobile user 
part (level 4) is contained in the cen- 
tralized and decentralized user software. 


Support software 


This includes the generators for the 
application program system, compilers 
(CHILL and Assembler), the linkage 
editor, the library management program 
and the test aids. The majority of this 
software is loadable in a separate switch- 
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ing processor as well as in a host com- 
puter (e.g. Siemens 7700 series com- 
puter). 


Radio link software functions 


As already mentioned, the mobile 
switching center software is based on 
that of the EWSD system. In conclu- 
sion, therefore, only those software 
functions exclusively relating to radio 
transmission are listed: 


e signaling relating to the mobile user 
part (MUP), 

e interworking of the DDD and MUP 
signaling, 

e tracking of mobile stations, including 
the necessary file system, 

e call handoff on change of cell, 


e call setup in the queuing mode (par- 
tial connection), 

e forwarding of calls from the wireline 
network to the mobile switching center 
currently responsible for a mobile sta- 
tion, 

® remote control of the base station via 
the mobile switching center operator. 
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Hardware configuration of the base station/mobile station system 


Organization of software functions 
in base and mobile stations 


The organization of functions is largely 
determined by the hardware configura- 
tion (Fig. 3). 


Hardware configuration in the base and 
mobile stations 


A base station consists of twin central 
processors, the base station control units 
(BCU), each with one radio data con- 
troller (RDC) and one input/output con- 
troller (IOC), plus a series of peripheral 
processors connected to the BCU. 
These include: 


e all processors of the radio periphery, 


e the two processors of the operation 
and maintenance system (OMS), con- 
sisting of the operation and maintenance 
processor (OMP) permanently installed 
in the base station and the portable 
operation and maintenance terminal 
(OMT), 

e the two processors of the dual signal- 
ing link interface (SLI) which matches 
the data interface protocol to the 


requirements of the common signaling 
channel. 


The individual functions of the radio 
periphery are distributed among the 
following microprocessor-controlled fa- 
cilities: 

e Traffic channel (TCH) 

Depending on the size of a base station, 
it may contain between two and 95 traf- 
fic channels. At one end, they are con- 
nected via the antenna system and radio 
path to the mobile stations, and at the 
other they represent the interface with 
the speech circuits of the mobile switch- 
ing center. The traffic channel is used 
for the call setup and the exchange of in- 
band signaling during the call which is 
inaudible to the user. 


e Control/traffic channel (CTCH) 

This facility is duplicated, the idle con- 
trol channel assuming the function of a 
traffic channel. The function of the con- 
trol channel is to exchange signaling 
data with mobile stations which are 
switched on but not making calls. 


e Base station synchronizer (BSS) 

The base station synchronizer — also 
duplicated — ensures the synchronism of 
all the base stations in the network. 


e Handoff receiver (HOR) 

This unit monitors the voice channel fre- 
quencies of neighboring base stations 
with regard to the quality of voice trans- 
mission and the distance of users from 
the base station. It initiates the handoff 
of calls from one cell to the next on the 
basis of either distance or signal level 
criteria. The HOR is not a dual unit and, 
depending on the monitoring capacity 
required, there may be several in one 
base station. 


e Test transceiver (TTR) 

With the aid of this unit, the operability 
of the RF and VF sections in the handoff 
receiver together with the traffic and 
control channels is checked automati- 
cally and routinely. 


Speech and signaling are transmitted 
from the base stations to the mobile sta- 
tions, which also contain two micropro- 
cessors. The software contained in them 
performs 


e the control of the operating interface 
on the user’s handset, and 

e the coordination of voice and data 
transmission to and from the base sta- 
tion. 
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Fig.4 Layer model and allocation of processor function complexes (PFC) 


to the processors of the base and mobile stations 


Organization in functional 
complexes 


The body of software is divided into the 
following functional complexes: 


e@ Call processing (CP) 

With good and constant radio path con- 
ditions, this software has the function of 
setting up, maintaining and releasing 
connections. 


e Radio processing (RP) 

Its function is to monitor and evaluate 
the radio path with the object of main- 
taining the radio connection or, if trans- 
mission quality deteriorates, of ensuring 
the continuation of a good connection 


by handing off the call to another base 


station. 
e Safeguarding (SG) 


Safeguarding functions comprise all 
those measures which occur in connec- 
tion with the assurance of the availabil- 
ity and with maintenance tasks in the 


base and mobile stations. 
e Administration (AM) 


This combines all tasks necessary for the 


operation of the base station. 
e@ Operation (OP) 


Operation consists of two functional 
areas: first, the control functions of the 
mobile station must be supported by 
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software measures; second, there is the 
operation and maintenance system in 
the base station which supports the 
operation and maintenance functions 
with a user-friendly operator interface. 


e Operating system (OS) 

Every processor in the base and mobile 
stations contains an operating system. 
These systems are of a uniform nature — 
insofar as this is justified by the tasks 
and the hardware to be controlled. 


The hardware configuration of the base 
and mobile stations dictates that the 
implementation of the individual func- 
tion complexes is divided between the 
processors. The parts of the functional 
complexes relating to specific processors 
are termed processor function com- 
plexes (PFC); their distribution among 
the processors of the base and mobile 
stations is set out in Fig. 4. 


Call processing functions 
in the base station 


Call processing in the base station per- 
forms the following tasks (Fig. 5): 


Administration of mobile users 


Whenever a mobile user switches on his 
station, this 1s signaled to the base sta- 
tion, where the user must be identified. 
The information must then be passed on 
to the mobile switching center and the 
user entered in the files of the base sta- 
tion and mobile switching center. This 
completes the registration of the user. 
On moving to another cell, the user is 
deleted from the file in the old base sta- 
tion and entered in that of the new one. 
When the user switches off his station, 
he is deleted from both the base station 
and the mobile switching center files. 


Setting up and clearing a connection 


All measures necessary for setting up 
and clearing a connection are performed 
by the mobile switching center. These 
include: 


e signaling the call request from the 
mobile to the base station and from 
there to the mobile switching center, 


e assignment of an available traffic 
channel, 

@ insertion of a call request in the 
queue, if no traffic channel is available, 
and 
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Fig.5 Radio processing and call processing functions 


e clearing the connection and releasing 
the traffic channel. 


Maintaining the call 


During a call, additional signals are 
transmitted between the base and 
mobile stations via the radio path. They 
have the function of maintaining the call 
with the correct mobile station on the 
correct traffic channel with good trans- 
mission quality. 


MSC — 
maintenance center 
(maintenance functions) 


Alarm indicators in the BS 
® & ® & 


~ OMT 
MSC 


Network administration center 


Call processing (CP) 


@ Administration of mobile users 
@ Setting up and clearing 


Voice and 
data lines 


@ Maintaining the call 


MSC Mobile switching center 


Call handoff 


In close cooperation with the radio pro- 
cessing, calls are handed off when the 
mobile station moves from one cell to 
another or when the transmission qual- 
ity deteriorates to an unacceptable level. 
A distinction is made between an 
“intracell handoff” between two traffic 
channels in the same base station (due to 
cochannel interference, for example) 
and “intercell handoff” due to a change 
of cell by the mobile station. 


(operator functions) 


MSC Mobile switching center 


OMT Operation and maintenance terminal 


Fig.6 Operation and maintenance functions for the base station (BS) 
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Time administration 
5 Tariff data administration 


The call processing functions are divided 
between the processors in the mobile 
station and in the traffic and control 
channel, as well as the radio data con- 
troller (RDC). The RDC has the task of 
coordinating all call processing functions 
relating to the transmission of data in 
the control and traffic channels. It also 
performs all tasks relating to coopera- 
tion with the mobile switching center. 


Radio processing functions 
in the base station 


The close cooperation of radio and call 
processing guarantee interference-free 
mobile calls. Like call processing, radio 
processing can be split into separate 
functions as shown in Fig. 5. 


Base station selection 


When the mobile user switches his 
equipment on, the radio processing in 
the mobile station selects a reference 
base station via which the call is to be 
processed. A traffic channel is then 
selected on the basis of radio path pa- 
rameters (e.g. field strength) or the rela- 
tive distances of the various base sta- 
tions which can be received. 


Connection monitoring 


To ensure adequate transmission quality 
between the base and mobile stations, it 
is necessary to monitor the connection 
via the radio path continuously. If the 
quality deteriorates or if the distance to 


Error treatment 


Maintenance 


System parameter administration 


Operation 
Operation and maintenance functions 
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the reference base station becomes too 
great, the call 1s handed off to another 
base station with superior radio path 
characteristics. 


Frequency, phase and offset control 


Since the frequency, phase and offset 
parameters are in a state of continuous 
flux due to the varying radio path condi- 
tions, they must be regulated to main- 
tain transmission quality. 


Power adaptation 


The power transmitted in the call condi- 
tion from the mobile and base stations is 
adjusted according to the received field 
strength, so that calls of acceptable qual- 
ity are transmitted with minimum 
power. 


All equipment with a physical interface 
to the radio path contains radio process- 
ing software. This equipment consists of 
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the processors in the mobile station and 
in the control and traffic channels which 
monitor the check-in and call condi- 
tions, as well as the handoff receivers 
whose function is to control the call 
handoffs. A further essential part of the 
software is contained in the base station 
synchronizer. It has the task of main- 
taining the synchronism of the entire 
network by controlling or tracking the 
phase and frequency. 


Safeguarding 


Apart from the radio and call processing 
functions, the base station software 
includes the functions for system opera- 
tion and maintenance. The maintenance 
functions are included in the safeguard- 
ing function complex and the operation 
functions in the operation complex 
(Fig. 6). 

The safeguarding system software in 
turn is divided into the subsystem: 
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e error treatment, 
@ equipment testing, 
e recovery and configuration. 


Administration 


The administration function complex 
includes: 


@ system parameter administration, 
e time administration, 

e tariff data administration and 

e traffic statistics. 


The complete “base station” system is 
controlled by a series of system parame- 
ters which are stored centrally in the sys- 
tem file (database) for each individual 
base station. These parameters, which 
must be adapted to any changes in the 
C450 mobile radio system, can be 
checked and updated from both the 
mobile switching center and the opera- 
tion and maintenance terminal. 


e Donat, P.; Merwart, G.: Procedures for 
Monitoring the Radio Path and Handing Off 
Mobile Station Calls. 
telcom report 9 (1986) Special 
“Mobile Communication,” pp. 44 to 46 


e Riedel, W.: Network Synchronism in the 
C450 Mobile Radio System. 
telcom report 9 (1986) Special 
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Bernd Edleditsch and Jurgen Mascher 


Operation and Maintenance 


IN Mobile Radio Networks 


The introduction of the C450 mobile 
radio system in West Germany has 
resulted in a considerable extension of 
the operation and maintenance tasks for 
public telephone switching centers. 


In addition to the conventional mainte- 
nance of switching equipment, particu- 
lar attention is being paid to the general 
operational upkeep of this computer- 
aided communications network by 
means of flexible and optimized radio 
network planning, including the techni- 
cal implementation of the planning 
results. 


The main administration centers at the 
operation, system maintenance and net- 
work engineering levels, are the base 
stations and the expanded version of the 
EWSD digital switching system which is 
used in the mobile switching centers. 
The available administrative and safe- 
guarding functions of the computer sys- 
tems offer effective support in this direc- 
tion. 


The C450 mobile radio system, with its 
nationwide network of fixed bases (net- 
work nodes), provides blanket radio 
coverage for all mobile stations. The 
Deutsche Bundespost’s mobile radio 
network C comprises about 180 base sta- 
tions, each of which is presently assigned 
to one of two mobile switching centers 
(Fig. 1). 
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For network administration purposes, 
not only neighboring base stations with 
their radio, power supply and computer 
hardware, their interconnecting data 
lines and their software components, but 
also the relevant radio path in equiva- 
lent system terms, are regarded as a 
comprehensive whole. The complexity 
of the network, its great potential 
expansion, flexible cellular structure and 
the variety of processing systems in the 
network nodes give rise to a host of (net- 
work) administration functions. 


The type and scope of the administra- 
tion functions provided and the steps 
necessary for their execution have been 
influenced not only by the design con- 
cept of the base stations and the existing 
EWSD system structures, but also by 
consideration of existing facilities and 
specific requirements of the network 
operator. 


All operational measures for the system 
of a network node can be performed 
both locally and remotely. In addition to 
this decentralized system operation, it 
will also be possible to perform impor- 
tant network administration tasks at a 
central location, after a network expan- 
sion phase. 


In addition to an automated recovery 
capability, the normally unmanned base 
stations require functions for self-moni- 
toring and remote fault signaling. Due 
to the particular climatic conditions in 
these base stations, no external storage 
medium is available for the processors 
employed there. All computer programs 
are stored in EPROMs (erasable pro- 
grammable read only memory). Even 
the base station’s own system data are 
EPROM-resident, although they can be 
modified in the main memory (RAM) of 
the central processor. Lastly, the equip- 


2 Mobile switching center 
(Frankfurt, Dusseldorf) 
e Base station 


a Operation and maintenance center 
(Mannheim, Nuremberg) 
—— Expressway 


Fig. 1 West Germany’s Mobile Radio Network C, 
showing the links of the base station to the mobile 
switching centers 


ment required for the input and output 
of all system data in a base station is 
portable. Only in exceptional circum- 
stances is it permanently connected, e.g. 
in manned base stations. 


Administrative activities are influenced 
not only by the initial conditions already 
outlined, but also by the development 
process itself. The administrative fea- 
tures and the ease with which they are 
used are gradually enhanced by the 
necessary definition of several stages of 
implementation for the overall develop- 
ment of hardware and software for all 


telcom report 9 (1986) Special “Mobile Communication” 


systems, various phases of network 
expansion and the translation of practi- 
cal operating experience into action. For 
the network operator also, a step-by- 
step approach is unavoidable in view of 
the infrastructure to be _ provided 
throughout the network for the con- 
struction and putting into operation of 
the network nodes and for the imple- 
mentation of a comprehensive network 
administration concept. Here too, there 
are indications of temporary effects on 
current administrative activities. 


Use of administrative features 


Local system operation 


A dialog with the operation and mainte- 
nance processor (OMP) is made possible 
in the base station by the operation and 
maintenance terminal (OMT), which is 
connected to this processor for as long 
as it takes to perform the necessary 
activities. 


The standard system commands, avail- 
able in English or German, are grouped 
according to function and are protected 
against unauthorized use by means of 
restricted rights of access (passwords). 


The selection and handling of com- 
mands in different languages is made as 
straightforward as possible by the opera- 
tor guidance system, which is supported 
by function keys. A hard copy of all 
stages of the dialog can be obtained via 
an optional printer (Fig. 2). 


Each base station can be operated lo- 
cally, whether or not a mobile switching 
center is connected. The necessary user 
interface is provided by the operation 
and maintenance processor. It also 
records all base station fault and recov- 
ery indications in its event memory (his- 
tory file) and assists in their transfer to 
the mobile switching center. Its other 
main tasks include supervisory func- 
tions, local alarm indication and control 
of fault signaling to a remote mainte- 
nance center (Fig. 3). 


Remote system operation 


The operation of a base station from the 
mobile switching center to which it 1s 
connected assumes particular signifi- 
cance by virtue of the fact that system 
functions can be initiated and informa- 
tion requested in several base stations at 
an early stage in network installation by 


Fig. 2 Local system operation at a base station 


means of operating commands from a 
single network node (Fig. 3). 


This method of system operation also 
enables faults to be detected remotely. 
Furthermore, it facilitates the modifica- 
tion of those system parameters in a 
base station which influence radio 
interaction with neighboring base sta- 
tions, and for this purpose access to sev- 
eral base stations may be necessary. The 
statistical recording of operating perfor- 
mance also is generally required for a 
group of base stations, thus making 
remote requesting of this information 
indispensible. At the same time, the 
transfer of statistics to the mobile 
switching center satisfies a crucial condi- 
tion for their evaluation for several sta- 
tions (postprocessing). The available 
operating commands are integrated into 
the existing user interface for the EWSD 
system, and therefore have to be used 
according to EWSD system conven- 
tions [1]. 


Central system operation 


As the expansion of the network and the 
integration of new mobile switching cen- 
ters progresses, the need for a network 
administration center (NAC) becomes 
more urgent. In addition to the possibil- 
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ity of requesting the administration fea- 
tures of all network node systems from 
one location, there is a decisive advan- 
tage in the central overview of the 
operating or fault statuses of all base sta- 
tions and mobile switching centers in the 
network (Fig.4). All functions of the 
system commands, which were previ- 
ously used locally or remotely, are now 
also available via the central user inter- 
face. This means that the operation of a 
base station from the connected mobile 
switching center is no longer of such 
importance, except when it acts as a 
standby to assist the operators in the 
event of an NAC failure. 


A Siemens 7500 business computer 
employing the BS2000 operating system 
is used for the central processing and 
data management functions in the net- 
work administration center. Using the 
Siemens teleprocessing system TRANS- 
DATA® [2, 3], it is possible to freely 
distribute or concentrate all available 
system features among the various 
input/output stations. The data station 
allocation to be incorporated in the final 
network operation plan is oriented not 
only to the static administration tasks 
which arise but also to the organiza- 
tional structure applicable to network 
operation. 
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Administrative tasks 


The many levels of administrative tasks 
make various demands on the know- 
how of the administrative staff [4, 5]. 
The range of possible tasks extends from 
EPROM administration to radio path 
and network management. In addition 
to mobile user administration, which is 
likewise specific to this network, net- 
work maintenance also calls for the put- 
ting into operation, supervision and shut 
down of the systems in the network 


Remote 
system operation 


Base station q— 4 


~ Local 
system operation 


Alarm panel 


nodes, the diagnosis and correction of 
all system faults, as well as the acquisi- 
tion and evaluation of a variety of 
operating data. 


The CCITT recommendations for tele- 
phone networks arrange the administra- 
tive tasks of these networks in three 
general functional categories: 


@ operation and management, 
@ maintenance, 
@ commissioning and expansion. 
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Operator-specific (processor-controlled) fault display _ 


Regional maintenance center 


OMP Operation and maintenance processor 


OMT Operation and maintenance terminal 
SLI Signaling link interface 

TCH _ Traffic channel 

TTR _ Test transceiver 


System configuration for the operation and maintenance of a base station 


Following this classification, the remain- 
der of this article deals with typical 
tasks, referring only to the administra- 
tive objects base station, radio path and 
mobile user. 


Operation and management 


In order to gain direct access to certain 
administrative features of an entire sys- 
tem, operating commands can _ be 
entered at the console in accordance 
with the relevant guidelines. All mea- 
sures which are operational in this con- 
text support or permit the execution of 
those tasks which are attributable to the 
other categories (Fig. 5). As a rule, 
these commands do not support the con- 
trol of a base station or mobile switching 
center itself. 


Behind each stage of a task in the “oper- 
ation” subcategory is an administrative 
function which can be activated at any 
time by an operator input, but which is 
also initiated and used within the system 
occasionally. 


The system information to be requested 
for a base station comprises permanent, 
modifiable data or data recorded by the 
operation monitor, such as: 


@ system parameters, 
e status information of all equipment, 


e status reports from the monitoring 
functions, 


e fault and recovery indications of all 
equipment, 

@ operating statistics counters and 

e software versions. 


A typical, local command application 
for equipment configuration, i.e. the 
variation of its status managed by the 
software, must above all be seen in the 
context of the introduction of a replace- 
ment unit and putting it into service. 


In addition, the use of a special diag- 
nosis command represents a_ further 
effective aid to maintenance. By using a 
test transceiver (TTR), it is possible to 
test the radio characteristics of the con- 
trol channel (CCH), the traffic channel 
(TCH) and the handoff receiver (HOR). 


Certain base station system parameters 
can be changed temporarily. In general, 
however, special network planning pre- 
parations are made before the relevant 
command is used. 
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Fig.4 Hierarchical configuration for the administration of a mobile radio network. This diagram 
also takes into account the future expansion of the existing network 


No administrative tasks of the *manage- 
ment” subcategory arise in the base sta- 
tion, since all management functions for 
the mobile users are performed auto- 
matically (active data file). Man- 
machine language (MML) commands 
for setting up, modifying, outputting 
and deleting are only available for the 
management of the mobile user data 
stored in the home data file of the 
mobile switching center. 


The zone and tariff data specific to time 
and date, which are required for the 
charge registration of mobile calls, are 
likewise managed in the mobile switch- 
ing center by means of MML commands 
in accordance with the EWSD general 
conditions. The mobile switching center 
passes the current information to all 
base stations, where it serves as a basis 
for calculation of the call charges to be 
transmitted to each mobile station and 
displayed on the control unit (nonbind- 
ing indication). 


For the purpose of call handoff, the 
mobile switching center requires for 
each base station a description of all 
neighboring base stations whose loca- 
tions are determined by the topography. 
Additional MML commands are avail- 


able for creating, modifying, outputting 
and deleting these neighborhood rela- 
tionships. 


Maintenance 


The tasks in this category are of crucial 
significance to the administration of 
mobile radio network C. Supported by 
the existing safeguarding system struc- 
ture, the primary objectives of each task 
are to maintain the unrestricted avail- 
ability of the base station or to restore it 
as quickly as possible, and to ensure that 
the radio link between the mobile 
switching center and the mobile station 
via the base station is substantially free 
from interference at all times. 


Either the operating stages of these 
tasks are preceded by preparatory (e.g. 
network planning) activities, or the 
requested base station information must 
be analyzed for further measures 
(Fig.5). At present, this calls for com- 
prehensive knowledge of the system, 
extending beyond individual network 
nodes, mainly regarding existing radio 
path conditions and the  software- 
oriented behavior of all intercom- 
municating processors. In order to trans- 
late the results of these activities (collec- 
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tively termed network engineering) into 
practice, it may become necessary to 
modify the software and/or hardware of 
a base station, e.g. by replacing the units 
defined as replaceable for this system. 


Radio path monitoring 


One aspect of maintenance which is 
likewise of importance to the operation 
of the mobile radio network is the 
routine and/or fault-related monitoring 
of the radio path. As it is not possible to 
perform the tasks using the built-in sys- 
tem operating facilities already outlined, 
an additional mobile hardware and soft- 
ware facility is required, which offers a 
suitable range of specific diagnostic aids. 


A test vehicle fitted with special measur- 
ing equipment is therefore used to 
record and display the radio characteris- 
tics of the base station in whose cell it is 
located, as well as of base stations in 
neighboring cells with which radio con- 
tact is possible. For this type of radio 
path monitoring, a microprocessor-con- 
trolled monitor can be connected to a 
mobile station. A special operator inter- 
face enables phase, field strength and Jjit- 
ter measurements to be made with the 
aid of simple input commands. It is also 
possible to check the network synchro- 
nism. Additional auxiliary software aids 
permit the recording of functional se- 
quences and the detection of changes to 
the data for this mobile station. 


Evaluation of fault indications 


Faults in a base station are indicated 
both locally and remotely in a (regional) 
maintenance center by means of optical 
and acoustic indicators. The recorded 
fault indications for all connected base 
stations can be requested in the mobile 
switching center. 


Defective inset types per base station 
are among the indications in the mainte- 
nance center, which serves a number of 
base stations as determined by the net- 
work operator. The additional indica- 
tion of the urgency with which the fault 
must be cleared provides the mainte- 
nance personnel with essential informa- 
tion on what further measures need to 
be taken. The purpose of this informa- 
tion is to determine which replacement 
units must be taken to the base station in 
order to clear the fault. 


Local operator commands can _ be 
entered at the base station to obtain a 
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Fig.5 Selected administrative tasks for a base station and system features which can be used 
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Fig.6 Fault information for a base station 
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status overview of all equipment and 
recorded fault indications. With the aid 
of the maintenance and _ diagnosis 
documentation and other reference 
information, the fault entries stored in 
chronological order in the history file 
enable “‘significant fault images” to be 
interpreted correctly and the rack loca- 
tions of defective replaceable units to be 
pinpointed. 


Modification of system parameters 


The system parameters of each base sta- 
tion provide an up-to-date picture — in 
a format geared to the software — of the 
base station’s equipment, its specific 
transmit and receive conditions and all 
its functional control data, including its 
immediate call and radio processing 
environment. The base station oriented 
parameters are stored in the central data 
structure of each base station, the sys- 
tem file as it is called, which is managed 
as an autonomous software object. 


The modification of system parameters 
is of particular importance to the admin- 
istration of mobile radio network C. 
Whereas those data which describe the 
network nodes and hardware are clearly 
permanent, the actual radio path condi- 
tions vary according to time and loca- 
tion. The recording of these data from a 
purely network planning point of view 
and their mapping with sufficient accu- 
racy may necessitate several stages of 
correction before there is final agree- 
ment between the planning concepts and 
the demands of reality. In this context, 
recording of measured values may be 
just as necessary as an analysis of 
recorded traffic load profiles. 


Finally, the modification of system pa- 
rameters also becomes unavoidable due 
to the adaptation of the configuration 
of the base station and/or the previous 
topographical relationships. 


At present, modified system parameters 
are introduced into a base station in the 
form of a new EPROM, while a system 
command can be used for temporary 
corrections. 


Exchanging an inset 


In order to guarantee the continuous 
availability of all system functions to the 
mobile users in all network cells, it is 
important to limit the effects of faults in 
individual system components upon 
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higher-ranking units, the base station as 
a whole and neighboring base stations. 
Unavoidable downtimes of individual 
components are kept to a minimum by a 
concept of fault detection and elimina- 
tion which facilitates maintenance. 


Each base station is largely responsible 
for monitoring its own system equip- 
ment. Faults are localized and the type 
designation of defective units is deter- 
mined and signaled to a remote mainte- 
nance center. From the network opera- 
tor’s point of view, this reduces the work 
entailed in on-site repair of hardware 
faults to the simple exchange of the 
appropriate hardware modules. 


Each facility in a base station (e.g. 
OMP, BCU, CITCH, etc.) consists of 
one or more insets, depending on the 
type. The replaceable style 7R insets 
perform various transmission functions. 
In addition to insets equipped with pro- 
cessors, there are those which meet 
transmission requirements by hardware 
means alone (e.g. transmitter power 
amplifier, transmitter monitor) or which 
protect the power supply to other insets. 


In each case, all existing fault indications 
are analyzed before the fault is cleared 
by the replacement of the defective 
inset. Information on the operator gui- 
dance is given in Fig. 6. 


Exchanging EPROM devices 


The software of each facility in a base 
station and the mobile stations is 
EPROM-resident. From a production 
and maintenance point of view, the pro- 
cessor program system (PPS) of a type 
of facility and the system file of a base 
station are each regarded as a self-con- 
tained software object which is uniquely 
identified by its stored object name. All 
facilities of the same type contain image- 
copies of this processor program system. 


Exchanging EPROM devices has vari- 
ous system failure consequences. It is 
done either for the implementation of 
modified (national) program require- 
ments, the permanent modification of 
system parameters or the correction of 
possible errors. 


A prerequisite for the trouble-free oper- 
ation of all processors in a base station 1s 
the compatibility between the hardware 
appropriate to the functional status, the 
“old” software and the replacement 
software. Depending on the functional 


range of the software change(s) imple- 
mented, this also means a corresponding 
compatibility between all EPROM 
devices in the system unit under consid- 
eration and between all associated sys- 
tem units of a similar type. It is therefore 
important for operational purposes that 
all processors of the same type in a net- 
work node have compatible software. 
This also applies to duplicate equipment 
and includes the system file. Through- 
out the system, all (sub)systems must 
exhibit the same software characteristics 
as the system with which they communi- 
cate. 


Reliable tests methods ensure the suc- 
cessful verification of the new software 
in each facility in the base station. In 
contrast to the risks usually associated 
with the insertion of individual 
EPROMs or EPROM sets on site, the 
replacement of complete processor or 
memory cards with items which were 
computer-tested prior to _ delivery 
guarantees the necessary reliability. 


Evaluation of operating statistics 


The monitoring of traffic and operating 
characteristics provides valuable infor- 
mation about the condition and loading 
of an installation in service. The evalua- 
tion of recorded data throughout the 
network also provides information for 
the planning of subsequent network 
expansion and the associated network 
components. 


The acquisition, recording and output of 
these statistics for all connected base sta- 
tions can be initiated in the mobile 
switching center with commands. 


The operating statistics available in the 
base stations thus far can be divided into 
two categories: 


e the radio traffic statistics, which pro- 
vide information on the operating pat- 
tern and loading of a base station, and 


e the radio channel statistics which are 
used for monitoring an individually 
definable traffic channel. 


Putting equipment into operation and 
expanding the network 


The tasks of this area of administration 
always consist of operating output, con- 
figuration and on-site test measures and, 
where necessary, of system parameter 
changes to be implemented and various 
maintenance activities. The subject of 
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such operations may be a single facility, 


all the facilities of one type, the base 
station as a subsystem or all the base 
stations in one part of the network or 
connected to one mobile switching 
center. 


The extent of these tasks is also deter- 
mined by whether the object is to be 
switched on for the first time in the 
course of system or network installation, 
or whether an object which was previ- 
ously operational, but has since failed or 
been switched off, is to be restored to 
service. Further reasons include planned 
conversion and retrofitting activities or 
the unscheduled exchange of software. 
In the majority of cases, it is a matter of 
exchanging an inset in an existing facil- 
ity, replacing a defective facilitiy with 
another of the same type, or perhaps 
integrating an additional facility of the 
same type (e.g. TCH) in the existing sys- 
tem. Of course, putting a base station 
(back) into operation should not be 
regarded purely from the local point of 
view. The base station is not fully opera- 
tional (again) for call processing until 
communication has been successfully 
established with the mobile switching 
center to which it is connected, and all 
synchronization conditions relative to 
neighboring network nodes have been 
met. 
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Peter Holzner and Ernst-Axel Uhlmann 


Sateguaraing in the Base Station 


The function of safeguarding in a mobile 
radio system is to achieve maximum pos- 
sible availability of the multicomputer 
system in the base station, and to pro- 
vide favorable conditions for the main- 
tenance of the system. This calls for 
appropriately designed hardware and 
processor structures and a_ software 
package tailored to the task. All central 
equipment is duplicated, in order to pre- 
vent a total failure of the base station in 
the event of faults in such equipment. 
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The large distances between the sites of 
the generally unmanned stations, and 
thus the long journeys for maintenance 
personnel, mean that the reliability of 
these stations is crucial. The extremes of 
temperature to which they are subjected 
(0-58°C ambient temperature) also have 
an effect on the mean time between fai- 
lures (MTBF) of the hardware and must 
be taken into account during the design. 


Faults that occur must be detected and 
their effect on operation must be auto- 
matically eliminated as far as possible by 
appropriate measures. This may entail 
taking defective base station compo- 
nents out of service or, in extreme cases, 
shutting down the entire base station. 
For every fault-clearing activity resulting 
in taking system components out of ser- 
vice, displayed messages assist the 
maintenance personnel in the repair, 
which can generally be effected by 
replacing insets. 


The control functions in the base station 
are performed by a multicomputer sys- 
tem based on the INTEL 8085 micropro- 
cessor. The base station is connected to 
the mobile switching center (MSC) by 
means of common channel signaling 
(CCS) realized by two links via the two 
signaling link interfaces (SLI). The role 
of central processor in the base station is 
assumed by the two base station control 
units (BCU), via which the peripheral 
radio equipment and operation and 
maintenance processor (OMP) are con- 
nected at a serial interface (256 kbit/s), 
as shown in Fig. 1 [1]. 


Base station structure from the 
safeguarding aspect 


Network operators make great demands 
on the availability, including 24-hour 
Operation, ease of maintenance and 


minimum maintenance work, which have 
a considerable influence on the structure 
of the system. An outage or a fault in a 
base station component must be coun- 
teracted by the safeguarding system, the 
fundamental aim of which is to maintain 
the operability of the station so as to 
provide a reasonable call processing ser- 
vice for as long as possible. The call pro- 
cessing is defined as functional when a 
certain degree of network synchronism 
is achieved, and the base station 
synchronizer, the control channel, the 
connection to the mobile switching 
center and at least one traffic channel 
are active. When these requirements 
cease to be met, the base station initiates 
a “recovery.” Important equipment is 
therefore duplicated or designed with 
multiple redundancy. 


Duplicated equipment 


The synchronism of the base stations in 
the C450 mobile radio system is ensured 
by the base station synchronizer (BSS) 
[2]. It supplies the station equipment 
with the system clocks via the clock dis- 
tribution unit (CDU). 


The station is inhibited from commenc- 
ing its transmitting activities until a cer- 
tain level of network synchronism has 
been attained. The station’s synchron- 
ism in the network is monitored by the 
base station synchronizer with regular 
measurements made with reference to 
other base stations in the network. 
Because of its importance for the mobile 
radio network, the base _ station 
synchronizer is duplicated. The second 
base station synchronizer operates in the 
standby mode and receives the time 
reference from the active synchronizer. 
It carries out its own synchronization 
corrections (phase and frequency track- 
ing) independently. 
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Fig.1 Block diagram of a base station safeguarding system 


A malfunction in the active base station 
synchronizer leads to the immediate 
activation of the standby unit, which 
assumes responsibility without delay. 


While the active base station control unit 
(BCU) controls all traffic arising, serves 
the peripheral radio equipment and sig- 
nals malfunctions etc., the standby unit 
is disconnected from the computer sys- 
tem. It has a direct connection only to 
the active base station control unit and is 
ready to assume its function in the event 
of a fault. 


In order to perform these functions, all 
the important administrative informa- 
tion for the base station must be avail- 


able for the standby base station control 
unit. The data which directly affect the 
operability of the station are stored in 
the system file. The base station control 
unit also contains a call processing table, 
in which details of all active mobile sta- 
tions assigned to the base station are 
kept (active data file). Both files (active 
data file and system file) exist in both 
base station control units, i.e. the 
updates must be transferred from the 
active to the standby base station control 
unit. 


The processor for the control/traffic 
channel (CTCH) can perform two call 
processing functions: the control chan- 
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nel (CCH) and the traffic channel 
(TCH) functions. A pair of channels is 
provided, one of which always functions 
as a control channel and the other as a 
traffic channel. 


On failure of the control channel func- 
tion, the CTCH processor which had 
hitherto been operating in the traffic 
channel mode assumes the function of 
the failed control channel by means of a 
recovery. As this occurs in a matter of a 
few seconds, it is of no great conse- 
quence to the mobile user. Any call 
or check-in requests made during this 
changeover are lost, as is also any call 
being made via the control/traffic chan- 
nel, which is immediately released when 
the control channel function is switched 
over. Large base stations may have up to 
three such pairs of CT'CH channels. 


The connection to the mobile switching 
center is set up via the signaling link 
interface (SLI), the transfer being 
effected according to the standards of 
the CCS7 protocol. The two SLI units 
are connected to both base station con- 
trol units and usually operate in the 
loadsharing mode. Should one of the 
SLI units fail, the other is capable of 
handling the full traffic load between the 
mobile switching center and the base 
station. The malfunction or outage of a 
signaling link interface is detected in the 
base station control unit and leads to the 
defective unit being inhibited. 


The power supply in the base station is 
provided via two independent 60-V cir- 
cuits which are so arranged that the 
duplicate units are connected to differ- 
ent 60-V circuits. The supply of power to 
the remainder of the equipment is 
shared between the two 60-V circuits. If 
one of the 60-V supply circuits fails, no 
more than half of the base station is 
affected, which nevertheless still retains. 
its call processing capability. 


“Pooling” of equipment 


In each base station there are a certain 
number (at least two) of control/traffic 
channels in the traffic channel mode, 
termed “traffic channels” for short. If a 
traffic channel fails, it is not replaced by 
another and any call in progress 1s 
released. The number of remaining traf- 
fic channels ensures that the base station 
retains its call processing capability, but 
with a reduced traffic capacity. 
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Units without redundancy 


The failure of a handoff receiver (HOR) 
means that the frequencies of other base 
stations assigned to it are no longer 
monitored, and that calls on these fre- 
quencies can no longer be handed off to 
this base station. 


The test transceiver (TTR) automatically 
and at regular intervals checks the 
operability of the CTCH and HOR 
equipment which 1s vital to the call pro- 
cessing capability of the base station. 
Failure of the test transceiver does not 
inhibit the call processing capability of 
the base station. 


The operation and maintenance proces- 
sor and the operation and maintenance 
terminal (OMP and OMT) represent the 
interface between the base station and 
the network operator. Using this inter- 
face, the network operator can test the 
station, withdraw individual units from 
service or add them to the system. The 
OMP and OMT also enable information 
and indications to be passed to the 
maintenance personnel. The operation 
and maintenance processor is in direct 
contact with the regional maintenance 
center (RMC), where it can activate 
indicator lamps in the event of faults. 


Failure of the OMP or OMT imposes no 
restrictions on the call processing capa- 
bility, only on the maintainability of the 
base station. 


Supervision circuits 


Within the multicomputer configura- 
tion, various hardware circuits assume 
the supervisory functions in the system. 
Some supervision circuits are installed in 
every unit in the base station, while 
others are only required in a certain type 
of unit. Each supervision circuit belongs 
to one of two different basic types, in 
accordance with its effect on the units. 
Whereas one type immediately initiates 
a resetting of the processor when a fault 
occurs, the other issues an interrupt to 
the processor and leaves the decision 
regarding error treatment to the soft- 
ware. 


In units with transmitters (CTCH), 
supervision circuits are fitted for the 
transmitted power, the temperature of 
the power amplifier, the reflected power 
on the antenna feeder and the operabil- 
ity of the synthesizer and modulator. 
When an error is detected, the transmit- 
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Error detection 


Error treatment 
@ Error analysis 


@ Error neutralization 
(e.g. inhibiting defective unit) 
@ Error listing and indication 


i 
Replace defective unit 


Cancel unit inhibit 


Fig.2 Treatment of a unit failure 


ter power amplifier is inhibited and a 
reset of the unit concerned is initiated. 


Functions of the safeguarding 
software 


The safeguarding software employed in 
the system must effectively supplement 
the supervision functions of the hard- 
ware by means of tests and error treat- 
ment. 


Tests 


In the course of the recovery of a base 
station unit, special hardware test pro- 
grams are run which verify the operabil- 
ity of the unit. The error-free condition 
of the transmission paths between the 
peripheral radio units and the base sta- 
tion control unit is monitored by regular 
test signals. 


On the radio processing side, the opera- 
bility of the control/traffic channel and 
the handoff receiver is checked with the 
aid of the test transceiver; the CCH 
function being tested at 15-minute inter- 
vals and the TCH and HOR function on 
a daily basis. In this test the function of a 
mobile station is simulated by the test 
transceiver. The test may also be per- 
formed during maintenance for indi- 
vidual units. 


A calibration process (determination of 
the equipment delay times) takes place 
at the same time as the test. In addition, 
the leading role in duplicated units is 
changed daily, in order to check the 
standby function. Processes running 1n 
the background within the units regu- 
larly check the consistency of the impor- 
tant system data. : 


Error treatment 


Any errors which arise are detected by 
the supervision functions provided in the 
hardware and by the tests implemented 
in the base station software, and are 
then reported to the error treatment sys- | 
tem implemented in each unit. Each unit 
detects its own errors and initiates an 
error treatment appropriate to the type 
of error. | 


Typical measures for error treatment 
are: 


e error listing (with or without 
Statistics), 

e recovery of a unit, 

e inhibiting a unit (Fig. 2), 

e base station recovery. 


While in the first three instances there 
are virtually no repercussions for the 
mobile user and the base station retains 
its call processing capability, provided 
there is sufficient redundancy or dupli- 
cation available, the base station is tem- 
porarily inoperable in the event of a 
recovery. The error treatment system 
reacts initially with measures which have 
a minimal effect on existing calls. Only 
when such measures prove ineffective is 
a base station recovery executed. 


The listing is made in the “history file” 
which is kept in the operation and 
maintenance processor. This file con- 
tains information on the type of error, 
the error treatment carried out and on 
additional error indications. The data 
stored in the history file can be output 
either locally at the operation and 
maintenance terminal or in the mobile 
switching center. 


If errors occur in an active duplicated 
unit which result in a recovery, the 
standby unit takes over operation. 


Base station recovery 


There are several levels of recovery 
within the base station. The initial start- 
up of a base station (e.g. following a 
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total power failure) is referred to as a 
cold start. The base station does not 
achieve sychronism for 15 minutes, after 
which it is also ready for call processing. 
In all other cases, a restart takes place 
which has various effects. 


Level I 


The base station synchronizers have 
managed to preserve the network syn- 
chronism, but the active data file and the 
updates to the system file have been 
lost. All calls have been released. The 
loss of the current system file, 1.e. the 
reversion to the initial system file stored 
in the PROM, is signaled to the network 
operator. As the recovery lasts approxi- 
mately one minute until the call process- 
ing capability is restored, the active 
mobile stations are informed that they 
must check in again to this base station. 


Level 2 


In this case, the network synchronism 
and the data in the active data file and 
system file are retained; only the exist- 
ing calls have been released. This recov- 
ery level lasts less than 20 seconds. 


Recovery of peripheral units 


The recoveries of peripheral units, 
which take place in a matter of seconds, 
have no adverse effects on the call pro- 
cessing capability of the base station and 
only affect individual mobile stations. 
They are the consequences of error 
treatments or of specific operating com- 
mands in the base station [3]. 
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Mobile Communication 


[he Base Station 
In the C450 Cellular 
Mobile Radio System — 


The base stations distributed through- 
out the coverage area form the level 
between mobile switching centers and 
mobile stations in the cellular network 
hierarchy. The base station enables calls 
to be set up between subscribers, both 
mobile and fixed. In addition, mobile 
stations are tracked automatically as 
they roam, so that a mobile user can 
always be contacted whatever his loca- 
tion. For this purpose, each base station 
maintains a signaling dialog with the 
mobile stations operating within its par- 
ticular cell, whether calls are being made 
or not. With these system characteris- 
tics, the base station in the C450 mobile 
radio system is not a passive switch 
merely extending telephone lines over 
the radio path, but rather an active com- 
ponent with radio communication and 
call processing functions. 


The fixed base stations are installed 
close to the antenna on high buildings 
and usually on existing radio relay 
towers (Fig. 1). Account is also taken of 
the terrain in order to obtain favorable 
propagation conditions. The equipment 
functions and the technical facilities of 
a base station are described in broad 
terms below. 
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Equipment functions 


The units employed in a base station are 
shown in the block diagram in Fig. 2. 
The units incorporated in the radio and 
central sections provide all the functions 
required for controlling the interfaces to 
the radio path, to the mobile switching 
center and to the supervisory control 
center. 


Fig.1 Radio relay tower as base station 
with a mobile station in the foreground 
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Fig.2 Functional diagram of a base station in the C450 mobile radio system 
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Radio modem 


As Fig. 2 shows, the base station is 
equipped with two different types of 
radio modem inset. The radio modem 
(RM) with the control and traffic chan- 
nel (CTCH) software can be employed 
as a control channel (CCH) or as a traf- 
fic channel (TCH). There are always 
two RMs with CTCH software in order 
to provide a redundant CCH. One RM 
provides the CCH functions and the 
other is employed as TCH 1, until such 
time as a fault occurs or operational 
reasons require it to be switched over. 


The necessary switching of the RF 
(radio frequency) and VF (voice fre- 
quency) circuits is effected by a com- 
bined RF-VF relay (CTCH relay). 


The control channel handles the data for 
updating the positions of mobile stations 
on standby and for setting up the radio 
call. Since it is structured as a multiple 
access channel operating on the same 
frequency throughout the network, it is 
possible for a mobile station to monitor 
all base stations within its reception 
range for transmission quality or dis- 
tance criteria. On finding better radio 
conditions to a neighboring station or on 
crossing a cell boundary, a cell change 
procedure is initiated. 


A radio modem with dedicated traffic 
function differs from that with CTCH 
function only with respect to the imple- 
mented software. Its functions are: 


e handling calls, 

e checking the quality of the voice 
signal, 

e data acquisition for call charging, 


e mode selection (scrambled or clear 
speech, data transmission at 4.8 kbit/s). 


The other connections to the radio 
modem are for the outgoing and incom- 
ing RF and VF signals, as well as for 
signaling within the base station. 


Test transceiver 


The test transceiver (TTR) employs a 
test program started routinely by the 
base station control unit to monitor its 
own RF and VF signal paths and all 
those of the traffic and control channels 
and handoff receivers. Any malfunc- 
tions detected by tests and measure- 
ments during the exchange of signals are 
reported to the control unit. The checks 


relate essentially to the characteristics 
and their permissible — tolerances, 
including: 


@ equipment delays on the transmit and 
receive sides. In particular, the receiver 
in the test item is calibrated in order to 
eliminate errors in the distance measure- 
ments required for radio communica- 
tion, 

e sensitivity of the receivers, 


e transmission quality in terms of fre- 
quency response, signal-to-noise ratio 
and distortion factor, 


e operation of the VF modules, such as 
clear speech, inverted speech, transit 
data. 


While these criteria are being checked, 
other equipment functions are also 
tested. Some of the tested components 
are actively involved in obtaining the 
results, particularly in determining 
receiver delay and signal-to-noise ratio. 


Handoff receiver 


The purpose of the handoff receiver 
(HOR) in the C450 mobile radio system 
is to optimize cell allocation to mobile 
stations in the call condition, i.e. 
monitors calls from mobile to base sta- 
tions in contiguous cells (40 channels 
maximum) and, when dictated by propa- 
gation conditions, initiates an in-call 
handoff to its own base station. The 
monitoring involved is based on the 
measurement and evaluation of field 
strengths and distances [1]. The handoff 
receiver obtains the cell parameters of 
the neighboring base stations from the 
system file in the base station control 
unit. All handoff receivers are con- 
nected to the antenna system via an 
isolating amplifier. 


Base station synchronizer 


The base station synchronizer (BSS) 
supplies all equipment units of the base 
station with the 6.4 MHz system fre- 
quency and the frame alignment signal 
(cycle time 2.4 s) via the frequency dis- 
tributors (FD). The _ base _ station 
synchronizer and the frequency dis- 
tributors are duplicated to provide 
redundancy. If one synchronizer fails, 
the 6.4 MHz system signal and the frame 
alignment signal are automatically 
switched over in the frequency dis- 
tributor. For similiar reasons, power is 
supplied from central rack 1 or 2. 
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The frame alignment signal synchronizes 
the frame phase of the entire base sta- 
tion. The C450 cellular mobile radio sys- 
tem employs a hierarchical synchroniza- 
tion structure extending from an initial 
base station. This station derives its 
frame synchronization from an external 
frequency standard (cesium beam stan- 
dard). The rest of the network is 
synchronized in concentric rings around 
the initial base station, the first ring 
being dependent on the initial base 
station, the second ring on the first, 
etc. (2). 


The base station synchronizer consists of 
a control and receive section as well as 
a phase-locked standard frequency 
generator. It exchanges data with the 
base station control unit via a serial 
interface. 


Base station control unit 


The radio channels are coordinated in a 
central base station process computer, 
the base station control unit (BCU), 
which is also provided on a redundant 
basis. This unit also handles in real time 
the exchange of data with the mobile 
switching center via the CCITT common 
signaling channel No. 7 and with the 
Operation and maintenance processor 
(Fig. 2). The main functions of the base 
station control unit are: 


e automatic startup and operation of 
the entire base station, 


@ routine testing of all base station 
equipment with fault signaling, 


e preparation of the system file for this 
equipment, 

@ acquisition of the radio-related traffic 
Statistics, 


@ qucue management, 


e selection of an optimum radio chan- 
nel according to radio criteria when a 
call is set up, 


e management and allocation or radio 
channels, 


e transfer of calls to other channels of 
the same base station (BS) in response 
to cochannel interference or to channels 
of neighboring BSs if the mobile station 
leaves the cell, 


e detecting, updating and checking that 
all mobile stations operating in a par- 
ticular cell are recorded in the “active 
data file” through the medium of the 
control channel. 
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4) Handoff receiver (HOR) rack with three insets and a 
power supply 

(2) Two central racks (CR1 and CR2), both of double-unit 
width, each with one signaling link interface (SLI) inset 
and one base station synchronizer (BSS) to the right; 
in CR1 a test transceiver (TTR) inset and in CR2 an 
operation and maintenance processor (OMP) rack: 
each rack has a base station control unit (BCU) inset 
and a frequency distributor (FD), and above that each 
has a terminal panel with a power supply to the right 


(3) Radio channel rack with a power supply, a radio 
modem (RM) inset, a transmitter monitor and a trans- 
mitter power amplifier 


(4) Filter coupler rack of five-unit width with four transmit- 
ter combiners (connected via matched coaxial lines), 
coupling elements and isolating amplifier 


Fig.3 Equipment configuration of a base station (explanations for each rack bottom to top) 


A data concentrator is employed to con- 
trol the serial interfaces to the radio 
peripherals, the operation and mainte- 
nance processor and the signaling link 
interface: (SLE). The SLI ensures secure 
interchange of data with the mobile 
switching center via common signaling 
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channel No. 7. The CCITT specifica- 
tions provide for the following levels: 


e physical functions; 


@ protecting the transmission between 
two channel terminals; 


e functions for traffic routing, protec- 


tion switching in the event of a malfunc- 
tion and for system startup; 


e user and test function. 


Operation and maintenance processor 


The operation and maintenance proces- 
sor (OMP) facilitates communication 
with the base station by maintenance 
personnel, signals the status of the base 
station and furnishes operator com- 
mands to support maintenance and 
repair operations. The functions of the 
OMP include the administration of a his- 
tory file, driving the local alarm panel, 
driving alarm lines to the supervisory 
control center, and controlling the 
dialog with the operation and mainte- 
nance terminal (OMT). 


The operation and maintenance termi- 
nal (OMT) is a portable unit with a dis- 
play screen and keyboard. The operat- 
ing personnel can read out the history 
file, output and modify system parame- 
ters, and perform tests with the OMT. 


In the selection of the control functions, 
the maintenance personnel are guided to 
the required entries by a multilevel, self- 
explanatory menu system. 


Transmitter power amplifier and monitor 


The transmitter power amplifier and the 
transmitter monitor each consist of a 
500 mm high style 7R inset. The princi- 
pal functions of the transmitter power 
amplifier include: 


e amplification of the modulated input 
transmit signal from 10 mW to an RF 
output power of 50 W maximum, 


e switching the transmitter output 
power to one of several power levels, 


® maintaining the output RF power at a 
constant value, 


e switching the transmitter output 
power on and off with a defined time 
response. 


For optimum adaptation to the prevail- 
ing radio path conditions, the RF output 
power is adjustable in eight steps of 5 dB 
each under the control of the radio 
modem (RM). For both the switching 
between power levels and switching the 
transmitter power amplifier on and off 
the same preset time response (cos’ 
function) is employed. It was chosen in 
order to minimize adjacent channel 
interference. Suitable alarms are gener- 
ated and passed to the radio modem on 
failure of the drive power or the control 
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Fig.4 Base station control unit inset (dual); the two units are interconnected by flexible printed wiring 


function, as well as on the occurrence of 
an excess temperature. 


The transmitter monitor inset is located 
between the output of the transmitter 
power amplifier and the input of the 
transmitter combiner. Its most impor- 
tant monitoring functions are: 


e increasing the isolation between any 
transmitter connected to a combiner by 
= 50 dB, 

e checking the RF power fed to the 
combiner for a lower limit, 


e checking the RF power reflected from 
the combiner for an upper limit. 


The transmitter monitor incorporates 
RF isolators followed by directional cou- 
plers with detectors. The forward and 
reflected RF powers at the output of the 
monitor are sampled by the directional 
coupler. Both criteria are fed to the 
detectors, which signal an alarm to the 
radio modem if the criteria lie outside 
preset upper and lower limits. 


Hardware design 


The mechanical design of the system 
units is based largely on mounting style 
7R [3], which has been adopted as a 
standard in transmission equipment 
practice. Minor modifications were 
made to take into account the special 
mounting and signaling requirements of 
the base station. The hardware is struc- 
tured in the following four levels: 


e complete station with antenna sys- 
tem, power supply and station cabling; 


e radio and central racks; 
® equipment insets; 


e insets incorporating modules and sub- 
assemblies. 


In principle, the system configuration of 
a base station can be expanded with as 
many radio channel units as are 
required, without having to consider 
central control unit operation or the 
fault signaling system. Special shielding 
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is required in many places due to the 
proximity of system and non-system RF 
transmitters. 


System configuration 


Fig. 3 shows the equipment installed in a 
base station of the C450 cellular mobile 
radio system. The system configuration 
is realized using standardized structural 
components of style 7R, as adopted by 
West Germany’s Deutsche Bundespost 
and other PTTs. 


Central racks and combiner racks are 
non-standard, due to special physical 
requirements. The total of 16 transmit 
filters of a 16-way coupler are grouped 
so that pairs of racks installed back-to- 
back are spaced five 7R unit widths 
apart. 


The base station control unit requires 
extremely short transmission paths. For 
this reason, the format of the back plane 
has been optimized and the width of the 
inset has been set at two rack widths. 
The units are interconnected by flexible 
printed wiring (Fig. 4). The central racks 
(CR1 and CR2) are double-width racks 
in which all the active functional units 
are arranged as plug-in equipment 
insets. The signaling link interface is of 
drawer design to facilitate operation and 
maintenance. All terminal panels are 
permanently installed and accessible 
from the front. The dissipated heat is 
evenly distributed and extracted at the 
front without forced ventilation. 


Each base station incorporates at least 1 
(maximum 6) handoff receiver (HOR), 
so that 40 to 240 radio channels can be 
monitored. A fully equipped station 
requires two fully equipped HOR racks, 
each incorporating a power supply. 


Modules 


Signal functions, such as modulation, 
demodulation, scrambling and descram- 
bling, signal amplification, setting of 
radio channel frequencies, signal evalua- 
tion, coding and decoding, as well as 
sequential computer-aided control func- 
tions, are realized in modules or parts of 
modules. These modules are of plug-in 
design in single and double format 
(Figs. 4 and 5). On digital modules, opti- 
mum device mounting was obtained 
using multilayer PC boards (with up to 
ten layers) of almost square format (all 
ten modules of a unit in Fig. 4, the top 
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Fig.5 Two test transceiver insets viewed from the rear (left) and from the front (right) 


five vertical modules in Fig. 5). The 
analog modules (RF and VF) are 
designed as two-layer PC boards of 
single format (all the horizontal modules 
in Fig. 5). The mechanical design 
modem, the test transceiver (Fig. 5, rear 
and front views), radio modem, base 
station synchronizer and __ handoff 
receiver insets is substantially uniform. 
For the entire base station there are 9 
analog and 22 digital module types. 

All the modules of an inset are com- 
bined via a self-supporting back plane. 
This is not only part of the case, but also 
serves to mount the modules, as well as 
accommodating the wiring between 
modules and that to external connec- 


Vz 


tors, with all necessary shielding 
between lines and to the outside incor- 
porated. Connection of the rigid back 
plane to the “floating” rack connector 1s 
via flexible printed wiring. This is visible 
at the top of the unit in Fig. 5 (unit on 
right). All sensitive RF signals are 
routed in the unit via double-shielded 
coaxial lines outside the back plane 
(Fig. 5, unit on left). The cable coaxial 
connectors extend through the back 
plane to the connectors on the module. 
The sleeve around the feedthrough 1s 
covered with a grounding surface and is 
connected to the outer surface of the 
coaxial connector via a specially formed 
contact ring. The RF modules receiver, 


synthesizer and modulator are mutually 
shielded and accommodated in an 
enveloping shielding case (Fig. 5, behind 
the cover in the unit on the right). This 
case establishes area contact with equip- 
ment ground via the back plane. In 
order to isolate all incoming and outgo- 
ing signaling lines from interference, 
electrical filters are mounted in the 
immediate vicinity of the relevant con- 
nectors on the back plane itself. To pre- 
vent the unit itself from being suscep- 
tible to or emitting interference, the two 
outer surfaces of the back plane are pro- 
vided with continuous ground planes 
(Fig. 5, left). Digital modules with high 
dissipation levels are provided with 
heat-transfer foils to improve the trans- 
fer of heat to the surrounding air. All 
computer modules are provided with a 
special test connector to which all lines 
required for hardware and software test- 
ing are connected. 


Cabling 


All power and signal lines are shielded 
and routed in separate cable harnessess; 
coaxial cables are double-shielded. Data 
transfer within the base station is on a 
balanced basis via twisted pairs to pro- 
vide common mode rejection of interfer- 
ence. Each radio channel controller is 
connected to the two base station con- 
trol units via wire pairs routed sepa- 
rately for each direction of transmission. 


Power supply 


The entire base station is uniformly 
powered from the 36 to 75 V (typically 
60 V) dc station supply. If the external 
commercial power network fails or the 
internal battery charging equipment 
malfunctions, special action is initiated 
to ensure the continued operation of 
important system functions. Thus brief 
outages of the primary voltages to the 
power supply insets in the central racks 
for t, =40 ms are bridged by capacitive 
charges. If prolonged outages occur and 
the emergency supply fails, the system 
files are buffered in _ nonvolatile 
memories with battery backup. Both 
types of power supply inset, i.e. for the 
central racks and for the radio racks, are 
self-monitoring and signal any malfunc- 
tion to the insets being supplied and to 
the base station control unit. Controlling 
units (RM, HOR, BSS and TTR) are set 
to a defined state by a logic circuit in the 
power supply insets before their operat- 
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ing voltage moves out of tolerance in the 
event of a malfunction. 


Antenna system 


The antenna system contains all the 
coupling elements required for the mul- 
tiple utilization of transmit and receive 
antennas and for self-checking the base 
station. Separate antennas are usually 
employed for transmitters and receivers. 
However, in special cases and depen- 
dent on configuration, it is possible to 
employ common antennas for the trans- 
mit and receive directions. A modified 
version of the antenna coupling unit is 
available for this purpose. 


Conclusion 


Mobile radio network C of the Deutsche 
Bundespost employs some 200 of the 
base stations described above for the 
blanket coverage of the Federal Repub- 
lic of Germany. These stations are 
required for the expansion of the previ- 
ous network B to serve about ten times 
the number of users, thus making this 
modern communicatrion facility acces- 
sible to more than 300,000 users. 
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Bullaing Mobile Stations 
fora Changing Market 


The conflicting interests of innovation, production costs and 


technological standards 


The evergrowing demand for communi- 
cations makes it necessary to also pro- 
vide better facilities for mobile com- 
munication. The establishment of mod- 
ern cellular networks furnishes the tech- 
nological basis for high user capacities, 
which create markets with a rapidly 
increasing number of users and a corre- 
spondingly large demand. Two major 
factors reflect the situation in these 
attractive markets: on the one hand, the 
growing demand leads to larger quan- 
tities, thus attracting more competition 
onto the scene with the result that the 
customer is offered a wider range of 
sophisticated features at falling market 
prices; on the other hand, however, this 
automatically leads to shorter innova- 
tion cycles, as is generally the case in the 
consumer electronics industry. For the 
manufacturer of such equipment, this 
means it is more than ever necessary to 
view the complete life cycle of the prod- 
uct as a whole and to anticipate future 
market trends. 


Dipl.-Ing. Friedbert Becker and 
Dipl.-Ing. Friedrich Muller, 
Siemens AG, 

Public Communication Networks, 
Munich 
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The fixed installations of the infrastruc- 
ture constitute a considerable invest- 
ment on the part of the network opera- 
tor in the establishment of a mobile 
radio network. Such investment, mea- 
sured against the total volume of the 
mobile radio market, is far outweighed 
by the value of the user equipment — the 
mobile stations. This is reflected in the 
economic importance of the mobile sta- 
tion market. 


As a result of the shorter innovation 
cycles in the mobile station market, the 
timespan from the design to the market- 
ing phase is dictated to a lesser extent by 
technical and personnel factors and 
more by external influences, i.e. market 
forces. Moreover, the technology race, 
especially in the component sector, pro- 
vides the opportunity to incorporate 
additional functions, e.g. enhanced con- 
venience of operation, at lower costs. 


This goes hand in hand with increasing 
complexity and more stringent demands 
on all persons involved in the life cycle 
of the product. In particular, this applies 
to the design and development stages, 
where the lion’s share of the product 
costs and product quality is determined. 


The decision regarding the use of new 
technologies is made when formulating 
the design concept and must be trans- 
lated at an early stage into a correspond- 
ing product concept. Thus, the decision, 
for example, to use only a few VLSI 
devices instead of a larger number of 
medium-scale integrated devices results 
not only in a considerable reduction in 
manufacturing costs, but at the same 
time an increase in quality. The reduc- 
tion in the number of soldered connec- 
tions alone makes a major contribution 
to reducing the failure rate. 
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Fig. 1 Basic structure of a mobile station. The mobile station is designed to ensure operation 


as much like conventional telephoning as possible 


New equipment designs aim for the min- 
imum possible adjustment and use soft- 
ware solutions in the final adjustment, 
in order to produce superior quality 
equipment with low testing costs = labor 
costs = production costs, despite using 
mass production techniques. The same 
objective is behind the efforts to extend 
service intervals and thus the MTTR 
(mean time to repair). In addition to the 
many measures taken during design and 
manufacture, a 100% test is therefore 
carried out at specific temperature 
limits. 
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Definition 
of a mobile station 


A mobile station for installation in a car 
consists of three parts (Fig. 1): the trans- 
ceiver with transmit and receive sections 
and the associated control section: the 
operating unit comprising the handset 
and keypad; and the antenna, along with 
the necessary cabling to interconnect 
these units. 


While the transceiver is normally accom- 
modated in the trunk of the vehicle, the 
operating unit is located within reach of 
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Fig. 2 Functional diagram of the mobile station for the C450 mobile radio system 
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the driver to facilitate communication 
while on the move. A primary consider- 
ation is thus simplicity of operation — as 
similar as possible to that of the familiar 
telephone. 


The demand for simple operation, how- 
ever, conflicts with the demand for addi- 
tional network-oriented functions (e.g. 
signaling to determine whether the user 
is registered in the network). Similarly, 
there is a whole range of additional 
requirements, some of which drive the 
cost up. These are mainly those specifi- 
cations which must be complied with in 
order to ensure trouble-free operation in 
often very complex radio networks and 
frequently under extreme temperature 
and primary power conditions. Fur- 
thermore, installation in vehicles 
demands particularly high resistance to 
shock, vibration and climatic conditions, 
as well as electromagnetic compatibility. 
Such demands are otherwise only 
encountered in military applications, in 
which suitable high-grade, i.e. expen- 
sive, components can be used. At the 
same time, installation in the trunk and 
passenger compartment of a vehicle 
means that special criteria apply with 
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regard to accessibility, size and ease of 
handling the transceiver and operating 
unit. 


In designing an operating unit for vehi- 
cles, particular attention must be paid to 
ergonomics and structure [1]. Lack of 
space in the dashboard, coupled with 
requirements for passenger safety and 
ease of operation, have resulted in all 
operating functions being incorporated 
in a single compact unit. It is thus possi- 
ble for rear-set passengers to make calls 
for themselves without the driver having 
to act as operator. This takes into 
account the diminishing space available 
for additional equipment as the trend 
toward the wider use of in-car electron- 
ics continues. 


Further factors to be considered in the 
design and development stages are the 
quality, 1.e. providing the required func- 
tions over a specified period, the service 
requirements with regard to plug-in and 
modular design and the size and power 
consumption, especially for portable 
use. 


In all planning procedures and activities 
resulting in the product as defined 
above, quality — 1.e. providing the func- 
tions demanded by the customer — must 
take first place. 


The shorter innovation cycles call for a 
drastic reduction in development and 
production times as well. This is 
achieved by the introduction of project 
management as an Overseeing organiza- 
tional structure. 


Design and operation 


The mobile station (MS) consists of the 
transceiver, the power supply and the 
handset including the card reader. The 
basic arrangement is shown in Fig. 2. 


Transceiver 


The functions of the transceiver are 
divided between the modules forming 
the radio section, the control section (MS 
controller, interface) and the power sup- 
ply. The handset, including the control 
and display elements, and the card 
reader are connected to the control sec- 
tion of the transceiver. After the mobile 
station has been switched on, the user’s 
authorization card is inserted into the 
card reader located between the handset 
and the transceiver. The user’s number 
read in by this means serves to identify 
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Fig.3 Mechanical design of the transceiver unit. The components are mounted on pcb’s 


which slide into the unit chassis 


the user during mobile operation. 
Additional security codes prevent 
unauthorized use of the card if it ts lost 
and permit operation to be resumed 
with a new card which has the same 
identity number but a different security 
code. 


The radio section contains the modules: 
“VF processing,” “receiver,” “mod- 
ulator,” “synthesizer” and “RF output 
stage with controller.” While the func- 
tion of the synthesizer is to adjust the 
frequencies on the control and voice 
channels, the modulator performs the 
frequency modulation (FM) of the car- 
rier. The functions implemented in the 
voice frequency (VF) processing module 
include the dynamic compandor, the 
time compandor, pre- and deemphasis, 
the scrambler, the limiter and the vol- 
ume switch. The duplexer permits simul- 
taneous transmission and reception via a 
single antenna. 


All signaling and operating processes 
are controlled by a microprocessor in 
the control section. The codec serves to 
code and decode the signaling in the 
control and traffic channel. Errors are 
detected during decoding and corrected 
where necessary. All the required timing 
pulses and reference frequencies are 
derived with the aid of the timing mod- 
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ule from a single phase-locked fre- 
quency, generated with a high degree of 
accuracy by a temperature-compensated 
6.4-MHz crystal oscillator. This fre- 
quency is also synchronized to the net- 
work timing pulse. 


Wherever practicable, the mechanical 
design of the transceiver unit (Fig. 3) has 
made use of standard Eurocard modules 
(100 mm X 160 mm) of plug-in design. 


In the area of electrical design, the need 
for customized devices was anticipated 
from the outset due to the complexity of 
the network. Apart from the integrated 
circuits for speech inversion (scram- 
bling) and time companding (creating 
time slots for in-band signaling), the 
main components of this type are two 
CMOS-VLSI chips in the MS controller. 
The main functions of this transmit and 
receive unit are shown in Fig. 4. 


All internal timing pulses are derived 
from the crystal controlled 6.4-MHz sig- 
nal with the aid of frequency dividers 
and synchronized via the correlation 
receiver. The data transmission is safe- 
guarded by the coder and decoder. In 
the signal evaluation circuit, the quality 
of the radio channel is continuously 
monitored during both the signaling and 
the call phases. 
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Fig.4 CMOS-VLSI chips for transmitting and receiving in the mobile station controller (transmit device: 20,900 transistors, area 58.5 mm’; 


receive device: 15,400 transistors, area 40 mm’) 


The VLSI chips were developed using a 
Siemens CAD system, which contains 
an extensive cell library with both stan- 
dard and general cells, such as program- 
mable logic array (PLA) and random 
access memory (RAM). 36,000 transis- 
tor functions have been implemented on 
a silicon chip with an area of 98.5 mm’, 
replacing three double Eurocards with 
standard logic. Each chip is mounted 
on a 48-pin DIC (dual in-line ceramic) 
package, enabling the entire mobile sta- 
tion controller together with the micro- 
processor to be produced on a single PC 
board. 


Handset 


The handset and operating elements 
form an integral unit (Fig. 5), facilitating 
one-handed operation and ensuring the 
safest and most convenient operation for 
the user. 


The handset is controlled by a micropro- 
cessor and serves for communication 
between the mobile subscriber and net- 
work C. Pushbuttons are provided for 


the following functions: 
ie 


e setting up an outgoing call, 
e setting up an emergency call, 


e electronic barring of outgoing 
calls, 
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e switching speech scrambling 
on and off, 

e activating and deactivating 
the call charge indication during 
the call, 


e canceling. 


A further twelve pushbuttons, 
CCITT-recommended layout, are used 


for dialing numbers, storing and recal- 
ling abbreviated directory numbers, and 
for setting up special calls. 


G 


in the 


There is a display for up to sixteen 
digits, plus additional indicators for the 
operating and call statuses which use 
colored and flashing codes. Incoming 
calls are signaled by a buzzer and lamp. 


re Fig.5 Mobile station handset (with alphanumeric display) 
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The handset also features a volume con- 
trol and an on/off switch. 


One feature of the display is of particu- 
lar interest: a 16-digit LCD dot matrix 
display is used in which each element is a 
matrix of 7 x 5 dots, enabling any type 
of character, including text, to be dis- 
played. The user guidance which this 
makes possible, e.g. when inserting the 
authorization card to activate the unit, 
contributes to the ease of operation. The 
same applies to the alphanumeric input 
and output of 100 abbreviated numbers, 
which can be used as an “electronic 
directory.” 


Outlook 


A wide range of components is already 
available for the design and develop- 
ment of mobile stations. New integrated 
circuits supplement the range of func- 
tions and new technologies provide the 
basis for cost and space-saving solutions. 


In particular, surface mounted devices 
(SMD), i.e. chips mounted on conven- 
tional pcb material by means of wave or 
reflow soldering, provide the engineer 
with a production technique which 
offers totally new opportunities for 
equipment design. In Fig. 6 a conven- 


tional receiver is compared with one 
using SMD technology; it is noticeable 
how much space is saved by doubling the 
density of the components and eliminat- 
ing the connections to the chips. This is 
accompanied by an enhancement of the 
electrical functions, above all in the 
radio-frequency range, as the parasitic 
effects of the connections are no longer 
present. 


When new technologies come to be 
implemented, surface acoustic wave 
(SAW) devices and high-quality ceramic 
resonators will be available for filter and 
oscillator applications, in addition to the 
conventional crystal components (stan- 
dard frequency generators and narrow- 
band filters) [2]; this permits functions in 
the radio frequency (RF) and intermedi- 
ate frequency (IF) ranges to be inte- 
grated. Using high-power semiconduc- 
tors of MOSFET design (metal oxide 
semiconductor field effect transistor), 
the efficiency of RF power generation 
will be increased from its present level of 
between 25 and 40% to over 50%. This 
would enable today’s portable mobile 
stations to become lightweight handheld 
units with a very low power consump- 
tion. At the same time, of course, the 
standby current must also be reduced to 
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a matter of a few milliamperes by the 
introduction of CMOS technology, 
especially in the control circuits. 


Digital signal processing enables analog 
functions to be implemented more sim- 
ply and better by means of a few inte- 
grated circuits to an increasing extent. 
This trend will become yet more pro- 
nounced in future as a result of “faster” 
processors with higher sampling rates 
and the “faster” analog-digital conver- 
ters which they require. A further reduc- 
tion in costs will be possible by combin- 
ing several functions in customized inte- 
grated circuits [3]. 


Parallel to these developments, the 
availability of higher-grade microproces- 
sors will provide the designers with the 
opportunity of generating the software 
in high level languages such as PL/M. 
This will make programming consider- 
ably easier, which has a particularly 
beneficial effect on fault location and 
elimination as a result of the clearly 
defined structures. Comprehensive soft- 
ware packages can also be put together 
by small teams in a short time in this 
way. 


Any manufacturer who wishes to main- 
tain his market share in the future must 
address all these new possibilities today. 


Fig.6 450-MHz mobile station receivers 


a receiver using conventional technology with components placed on one side 
b_ receiver using SMD technology with components placed on both sides (shown on left is the upper side; shown on right is the underside) 
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Fig. 7 Market price trends for mobile stations 


Fig. 7 shows market price trends up to 
the end of the century. The most impor- 
tant deduction to be made is based on 
the general experience of the electrical 
industry that market prices fall by 
between 15 and 20% for each cumula- 
tive doubling of the volume (i.e. if the 
total number of mobile stations sold 
doubles, the price of each individual unit 
drops by 15 to 20%). If this prognosis 
for the development of the worldwide 
mobile radio market is transferred to the 
time axis, it yields a drop in the market 
price from the current level of between 
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/echnical and Mechanical 
Design Factors for Mobile Stations 


Mobile stations are mobile radio equip- 
ments for installation in road and rail 
vehicles, boats or other means of trans- 
port. They are main telephone stations 
which are independent of the local net- 
work and can be used to obtain DDD 
access to telephone stations in the 
national and international telephone 
networks, as well as to other mobile sta- 
tions. 


Due to the mobile use of such equip- 
ment, particularly stringent demands are 
placed not only on the electrical func- 
tions, but also on the mechanical design. 
In its role as the interface between the 
user and the transceiver, the operating 
unit should, after all, offer simple and 
convenient operation without distracting 
the user from the important business of 
driving. Furthermore, the limited space 
available in the passenger compartment 
means that the appearance, size and 
weight are subject to special require- 
ments. The transceiver itself must be 
easy to install and readily removable for 
portable use. Other important features 
are ease of handling, heat dissipation, 
maintainability and low power consump- 
tion. 


Dipl.-Ing. (FH) Georg Koch, 
Dipl.-Ing. (FH) Gerd Nothnagel and 
Dipl.-Ing. (FH) Heiner Thomfohrde, 
Siemens AG, 

Public Communication Networks, 
Munich 


The mobile station comprises the trans- 
ceiver, the operating unit (which incor- 
porates a magnetic card reader in the 
version used in the Deutsche Bundes- 
post’s Network C), the antenna and the 
installation kit, including the transceiver 
mount and set of cables. The operating 
unit may be either a handset with an 
integral display and dialing facilities or a 
control unit with a separate handset. 


Fig. 1 shows the complete set of equip- 
ment for a mobile station ready for 
installation in a vehicle. This equipment 
can also be accommodated in an attache 
case (Fig. 2) for operation outside the 
vehicle. 


Environmental conditions 


While the position and shape of the 
transceiver have no effect on the driving 
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behavior of the mobile user, they are 
extremely important in the case of the 
operating unit. 


The results of a study [1] revealed that 
mobile users prefer operating units 
which are convenient to use, which 
blend in with the interior of the vehicle, 
are small and lightweight and do not 
obstruct other controls. 


The dashboard instruments and controls 
as well as accessories, such as clocks and 
radios or the glovebox, leave little room 
for housing an _ operating unit. 
Moreover, mounting on the dashboard 
makes great demands on materials and 
components, as temperatures behind the 
windshield can rise to as much as 110°C 
in strong sunlight. 


Noise levels measured inside mid-range 
cars are surprisingly high — even when all 


Fig. 1 Complete set of mobile station equipment for installation in a motor vehicle 
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Fig.2 All the mobile station equipment can be accommodated in an attache case 


for use outside of the vehicle 


windows remain closed. At a speed of 
about 90 km/h, noise levels were 
recorded which approximate the noise in 
an office while typewriters are clattering 
and telephone calls are being made. On 
the other hand, if the vehicle is parked 
in a quiet area with the engine switched 
off, the interior noise level is reduced 
to the equivalent of a quiet room. 
This large variation in the ambient noise 
level makes the use of adjustable level 
controls advisable for the received voice 
signal. 


Equally severe variations occur in the 
ambient light: all indicating elements 
must be clearly readable both in glaring 
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sunlight and at night under the lighting 
conditions existing in the vehicle, but 
without dazzling. Automatic brightness 
control for the controls and indicating 
elements is advisable for this purpose. 


Design concept 
of the operating unit 


All the above mentioned influences and 
the preference of users for simple and 
safe operation have resulted in the 
design of an operating unit in which all 
control and indicating elements, includ- 
ing the microphone and the earphone, 
are incorporated in the handset (Fig. 3). 


This combination offers the user the 
opportunity of “one-handed operation.” 
To make this as easy and convenient as 
possible for the user, special attention 
was paid to the ergonomic and func- 
tional design of all control and indicating 
elements, such as: 


e pushbuttons with an audible click at 
the action point, 


e easily remembered operation, 
e self-explanatory pushbutton symbols, 
@ user guidance, 


e illumination of display and keyboard 
at night, and 


e volume control and on/off switch on 
the operating unit. 


The control and indicating elements are 
divided into three main sections: the dis- 
play panel, the function keypad and 
the dialing keypad. Fig. 4 shows an 
exploded view of the handset, and Fig. 5 
the associated functional diagram. From 
the diagram it can be seen that the cen- 
tral function is performed by the 8051 
microcontroller, which polls the keypad, 
controls the display and generates the 
tones for acoustic signals. In addition, it 
controls and monitors the interface 
through which the operating unit is con- 
nected to the transceiver. 


The handset reports every key operation 
to the transceiver and responds to mes- 
sages from the transceiver with appro- 
priate displays. This ensures that 
changes to the operating sequence do 
not influence the handset control pro- 
gram, thus permitting faster and more 
flexible reaction to customer require- 
ments. 


The display panel is divided into three 
rows: while the top two rows each con- 
tain eight alphanumeric elements for 
displaying directory numbers, charge 
units or special information, the bottom 
row contains symbols which indicate the 
transceiver operating status set using the 
function keys. 


Numerous technologies are available 
today for producing the display panel: 
due to their high power consumption, 
the “classic” light emitting diode (LED) 
displays are being replaced increasingly 
by liquid crystal displays (LCDs). 
Where high-intensity displays are 
required, vacuum fluorescent (VF), 
electroluminescent (EL) and plasma dis- 
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Fig.4 Exploded view of the handset 
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plays are all candidates. Plasma dis- 
plays, however, require particularly high 
control voltages and more space. An 
LCD was selected for the operating unit 
used in the mobile radio network and, 
for the first time, this is in the form of a 
dot matrix, enabling text to be displayed 
in addition to directory numbers. This 
capability in turn is a prerequisite for 
greater user convenience through such 
features as an electronic telephone 
notepad. It also enables information to 
be given to the user regarding operation 
of the equipment (user guidance). 


The function keypad comprises six push- 
buttons with symbols while the dialing 
keypad contains ten digit pushbuttons 
(0-9), a star and a cross-hatch pushbut- 
ton. Very low profile individual push- 
buttons are used, which are flow-sol- 
dered onto the pc board. In conjunction 
with a lightguide and three-part molded 
plastic caps, they provide a solution 
which is not only compact, but also very 
flexible, an essential feature considering 
the differing pushbutton arrangements 
of the various PTTs. To facilitate the 
optical and _ tactile differentiation 
between the keypads, the symbols on 
the function keys appear in raised 
square segments, whereas the dialing 
digits are located in raised circular seg- 
ments. 


Both in the display panel and on the 
keys, the numerals or symbols are so 
large and have such contrast that com- 
plete legibility is guaranteed. 


The on/off switch and the volume con- 
trol are intentionally regarded as special 
functions, and therefore arranged on the 
side of the handset. 


Since a processor is used in the operat- 
ing unit, particular attention must be 
paid to susceptibility to interference and 
radiation of interference. Radiation of 
the station’s own radio frequency from 
the antenna is critical for susceptibility 
to interference, when operating from 
the carrying case, since enormously high 
field strengths are generated at a trans- 
mitted power of 15 W, where the dis- 
tance between the antenna and the 
operating unit or helical cable may be 
very small (a few centimeters or even 
touching). This emission of interference 
could affect the reception by the trans- 
ceiver or the car radio (e.g. by means of 
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Fig.5 Functional diagram of the handset 


a harmonic of the processor clock 
pulse). Susceptibility to and radiation of 
interference both respond to the same 
countermeasures, i.e. multilayer pc 
boards with large potential surfaces, 
shielded cables, as well as pulse round- 
ing on the serial data transmission lines 
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by means of RC low-pass filters at the 
inputs and outputs. 


Nonsusceptibility to static discharge is 
achieved by the following measures: 


e Long creepage paths on the keypad, 
microphone etc; 


e Ground conductors on the edges of 
the pc board; 


e Operating unit processor resetting 
can be initiated via the software by the 
transceiver controller; 


e Aninternal voltage regulator gener- 
ates a reset signal in the event of inter- 
ference on the input line. 


Another essential factor in the case of 
mobile stations is a ow power consump- 
tion. In the handset, this has been 
achieved hitherto primarily by the use of 
an LCD and the light-sensitive control 
of the illumination. During portable- 
case operation, the illumination can be 
switched off automatically if the keypad 
is not used for a specific period. The 
power consumption will be further 
reduced in future by the use of a CMOS 
processor. 


The individual PTTs lay down specific 
criteria for the audio section of the 
handset: 


e The required input sensitivity and the 
frequency response of the microphone 
are achieved by means of constructional 
measures and active filters with adjust- 
able gain. 


e The volume and frequency response 
of the earphone capsule are ensured 
mainly by the type of earphone capsule 
and its airtight mounting against the 
inside of the case. The volume can be 
adjusted through a range of about 20 dB 
by means of a potentiometer integrated 
into the handset. 


An alternative type of operating unit 
consists of a control unit with a separate 
handset (Fig. 6). This solution, how- 
ever, occupies considerably more space 
in the vehicle. 


In order to make calls via the public 
mobile radio network, each mobile sta- 
tion must be equipped with a magnetic 
card reader (Fig. 7). This is the only way 
of ensuring that a user can operate the 
mobile station by no other means than 
by using his authorization card. 


Design concept 
of the transceiver 


As the transceiver is generally housed in 
the trunk of the vehicle, it must be 
designed for the conditions prevailing 
there in order to guarantee trouble-free 
transmission and reception. 
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The features affecting the mechanical 


design of the unit include: 


installation, 
operating conditions, 


connectors employed, 


e 

e 

® 

e maintainability, 
e cost-performance ratio, 
e 


electrical design. 


Developments in the field of electronic 
components have now made it possible 
for mobile stations to be constructed 
with such dimensions as to open up com- 
pletely new applications. Lightweight 
and compact units, for example, can be 
quickly removed from one car and 
installed in a second car, a boat or a 
weekend home, or can be carried as 
handheld portables. The mechanical 
design of the transceiver must take into 
account these new operating conditions. 
In particular, it must be ensured that all 
cables to the operating unit, the antenna 
and the power supply can be readily dis- 
connected and reconnected. 


In the northern European (Nordic 
Mobile Telephone System) market in 
particular, the portable use of mobile 
stations was authorized by the network 
operator from the outset and, due to the 
nature of the market in this area, this 
facility was a prerequisite for the sale of 
equipment. 


For this reason, the need to minimize 
the power consumption, the size and the 
weight played a significant part in the 
technical design. 


The transceiver consists of two large 
compartments with the logic and 
duplexer on one side and two pce boards 
for the transmitter and receiver on the 
other side (Figs. 8a and 8b). 


All connectors have been arranged on 
one side (the rear), thus creating a cas- 
sette system which makes threaded con- 
nectors unneccessary. Incorrect connec- 
tions are prevented by permanently 
attaching the transceiver cabling to the 
mount. A hinged handle attached to the 
case enables the unit to be held like a 
portable radio, e.g. when it is being 
withdrawn from its mount or carried to a 
new location. A cylinder lock fitted in 
the case retains the unit in its operating 
position, and simultaneously serves as a 
protection against theft. 


0) ) 
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Fig.6 Mobile radio operating units consisting of a control unit handset occupy more space 


Fig.7 Every mobile station must be equipped with a magnetic card reader for checking authorization 


The transceiver mount (Fig. 9) is of 
active design, i.e. it contains a distribu- 
tion board which provides connections 
for various accessories, such as telex, 
facsimile etc., to suit customer require- 
ments. 

Due to the possibility of attachment by 
the wide or narrow side of the mount, 
the transceiver can be fitted in virtually 
any position in the vehicle. 
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Measures such as these create the flexi- 
bility necessary for the quick transfer of 
the unit (e.g. from the vehicle trunk to 
the carrying case) or for special applica- 
tions (e.g. semipermanent installation in 
mountain huts). 


Mobile radio network C entered service 
in West Germany in 1986. The specifica- 
tions of the Deutsche Bundespost pro- 
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Fig.8 Radio (a) and logic (b) compartments of the MT 407 transceiver 


vided for mobile stations to be installed 
only in vehicles in the initial phase. 


The transceiver for the C450 mobile 
radio system is housed in a rugged 
extruded aluminium case with a diecast 
aluminum heat sink at the front and a 
cover at the rear (Fig. 10a). 
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The main case contains four compart- 
ments grooves are pressed into the two 
central compartments, into which the 
modules are inserted over resilient 
shielding strips. The stop function Is per- 
formed by a rear pc board which pro- 
vides the connections between the 
Eurocards and is screwed to the main 


case. The modules are held in position 
by a cover which is secured externally. 
Removal of this cover easy exchange of 
the modules. 


All high dissipation asemblies, such as 
the duplexer, the transmitter power 
amplifier and the power supply, are 
mounted on the heat sink. This permits 
the heat to escape along the shortest 
path via the cooling fins to the surround- 
ing air. 


All connectors, such as the power supply 
connector, antenna type N connector 
and a standard jack for the connection of 
test equipment, a magnetic card reader 
and operating unit, are easily accessible 
and positioned between the cooling fins 
for protection against damage. 


For installation in a vehicle, the trans- 
ceiver is inserted in a mount consisting 
of two molded plastic sections connected 
by a rigid U-shaped bracket (Fig. 10b). 
The unit is secured in the mount by turn- 
ing two handy knobs. Fixing holes are 
provided in the plastic moldings to permit 
either vertical or horizontal installation. 


Outlook 


The increasing number of mobile radio 
users, their wish for a “mobile office” 
and the development of new mobile 
peripheral equipment, such as telex and 
facsimile machines, will have a consider- 
able effect of the design of future mobile 
stations. The transceiver will thus 
increasingly be used for the transmission 


Fig.9 Active transceiver mount 
for the MT 407 transceiver 
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Fig. 10 Main case (a) and mount (b) of the transceiver for the C450 mobile radio system 


not only of speech, but also of text, 
diagrams and data. 


Above all, this will have a strong influ- 
ence on the form and structure of the 
operating unit. Thus, for example, tele- 
phone functions might be performed by 
voice-controlled hands-free equipment 
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or the dialing and display functions 
might be transferred to the personal 
computer provided for controlling the 
peripheral units. 


A further significant influence on the 
design and construction will be exerted 
by the development of handheld units, 
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i.e. mobile stations which are small 
enough to carry and use anywhere. Such 
developments, of course, are only pos- 
sible in conjunction with an effective 
infrastructure and the availability of 
radio circuits requiring low operating 
currents, as well as high-capacity, low- 
weight batteries. 


e Rolle, G.: Mobile Communication. 
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telcom report In collaboration with the Transmission Systems Division, 
te/com report will continue its well received series of special issues 
on topics from the field of telecommunication transmission with 
Special “Radio Communication.” This special issue — with over 80 articles 
and 500 pages — provides a comprehensive overview of the many 
new and complex technologies of radio communication, docu- 
“Radio Communication” — menting the state-of-the-art in this area of telecommunication. 


The topics covered are: 


Satellite Communication, 
Radio Relay, 

Mobile Radio, 

Special Purpose Networks, 
Power Supplies, 

Project Engineering, 
Components Technology, 
Quality Assurance. 


“Radio Communication” is scheduled to appear in May 1987. If you are 
interested in “Radio Communication,” please contact 


Siemens AG 

UEB VPM 2 

Hofmann-Str. 51, Postfach 700073 
D-8000 Munich 70 

Federal Republic of Germany 
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Rolle, G. SIEMENS 
Mobile Communication 
8 figures, 6 references 


telcom report 9 (1986) Special 
“Mobile Communication,” pp. 3 to 8 


In a communication system with mobile users, the physics of radio 
propagation has a significent influence on the design of the system: 
there is the problem of the disparity between the areas determined by 
geographical conditions and the areas of high traffic volume. Fur- 
thermore, only a limited band of frequencies is available for providing 
service to all users. For this reason, all possible technological measures 
must be taken to maximize use of the available bandwidth. 


Descriptors: mobile radio system; mobile communication; C450 sys- 
tem; C900 system; radio network configuration; system architecture 


Kammerlander, K. SIEMENS 


Factors Influencing the Design of Economical Cellular 
Radio Networks 


7 figures, 3 references 


telcom report 9 (1986) Special 
“Mobile Communication,” pp. 9 to 16 


In the design of cellular mobile radio systems, a number of system 
solutions and variables must be investigated with regard to their effect 
on the system, technical feasibility and cost-effectiveness. Cost-effec- 
tiveness is the decisive factor, because it reveals the cost of the system 
to the network operator and user alike. 

Descriptor: mobile radio system; cellular radio network; C450 mobile 
radio system; spectrum efficiency; frequency reuse; cluster size; traffic 
density; traffic capacity; cost-effectiveness; network operator’s expen- 
diture 


Eckstein, C.; Kammerlander, K. SIEMENS 


Structures of the C450 Mobile Radio System for 
West Germany’s C Network 


4 figures, 7 references 


telcom report 9 (1986) Special 
‘Mobile Communication,” pp. 16 to 20 


The system structures of the Deutsche Bundespost’s C Network are 
determined by the accessibility of the mobile stations irrespective of 
their current location (roaming) and by their movement across cell 
boundaries during calls, necessitating the handoff of calls from cell to 
cell. The system structures are divided into the two main areas radio 
transmission and radio call processing. 


Descriptors: C450 cellular mobile radio system; C Network; system 
structure; radio transmission; radio call processing 


Lorber, H.P.; Zscherpe, E.-C. 
Providing Cellular Radio Service in Urban Areas 
11 figures, 5 references 


SIEMENS 


telcom report 9 (1986) Special 
“Mobile Communication,” pp. 21 to 27 


The performance of a mobile radio system is characterized by its 
behavior in areas of high traffic density, i.e. urban areas. The limited 
number of available radio frequencies makes the transition of the use 
of minicells inevitable in such areas. This article describes the results of 
investigations into the effects of radio propagation with regard to the 
transmission quality, frequency reuse and distance measurement for 
various radio coverage areas. 


Descriptors: mobile radio system; radio coverage; radio frequency; 
base station; mobile station; interference; distance measurement; 
cellular network structure 


Summaries 


Halamek, H.; Kammerlander, K. SIEMENS 
Forming Cell Structures with Relative Distance Measurement 
§ figures 


telcom report 9 (1986) Special 
“Mobile Communication,” pp. 28 to 31 


In order to provide service to a large number of users in a mobile radio 
network with a limited frequency band, the available channels must be 
reused within the service area, thus giving rise to the cellular structure. 
To minimize the probability of cochannel interference when frequen- 
cies are reused, the channels must not be used outside the planned 
boundaries of the cells to which they are allocated. 


Descriptors: cellular radio network; frequency reuse; cell boundary 
detection; relative distance measurement; cell structuring 


Beyrich, H.; Thalhamer, H. SIEMENS 


Radio Transmission in the C450 Mobile Radio System 
3 figures, 1 table, 2 references 


telcom report 9 (1986) Special 
“Mobile Communication,” pp. 32 to 35 


The radio transmission system has the task of providing a reliable link 
between the mobile users and the fixed base stations. Because of the 
many features offered by the C450 mobile radio system, particularly 
stringent demands are made on the radio transmission system, espe- 
cially with regard to the modulation method and automatic adaptative 
control of transmitted power. 


Descriptors: cellular radio network; C450 mobile radio system; radio 
transmission system; mobile station; base station; adaptive control of 
transmitted power; spectrum efficiency; modulation method 


von der Neyen, H.-J.; Tanner, R. SIEMENS 
Signaling Transmission in the C450 Mobile Radio System 
7 figures, 5 references 


telcom report 9 (1986) Special 
“Mobile Communication,” pp. 36 to 40 


Regardless of whether a mobile station is in the idle or busy condition, 
it maintains a data dialog with the base station in whose coverage area 
it is operating. Whereas in the idle condition data blocks are exchanged 
at intervals in the control channel (concentrated signaling), the 
exchange in the busy condition takes place dispersively in short cyclic 
bursts in each traffic channel (“in-band burst signaling”). The correct 
assignment of mobile stations to the appropriate cell is of crucial 
importance. 


Descriptors: cellular radio network; C450 mobile radio system; signal- 
ing transmission; automatic recording of location; cell boundary detec- 
tion; data dialog between base and mobile stations 


Becker, K.-H.; Pooch, G. 
Accessibility of Mobile Stations 


SIEMENS 


2 figures, 3 references 


telcom report 9 (1986) Special 
“Mobile Comunication,” pp. 41 to 44 


The special requirements resulting from the mobility of the users make 
the creation and management of a file system in the base stations and 
mobile switching centers an important function in a mobile radio sys- 
tem. This article describes how a dynamic physical image of the base 
stations which can be received is created in each mobile station. Using 
this image, the mobile station selects the most suitable base station. 


Descriptors: mobile radio; mobile user; mobile station; base station; 
mobile switching center; mobile user registration; file system 


Other Siemens Journals 


SIEMENS 


Siemens 


Corporate Architecture: Building a Public Image @ Solar Power 
Prices Take a Plunge e Commentary; Latin American Debt Analysis 


Siemens Review 


Vol. LITT, 1986, A4, 36 pages per issue, 
6 issues per year 

Order No. for annual subscription 
A19100-L512-U200-X-7600 
Delivery charges for annual 
subscription 10.20 DM 

airmail charges 27 DM 

Delivery charges of single issues 
(per copy) 3.50 DM 

(Retail price 

for annual subscription 69 DM 
per issue 11.70 DM) 


The ‘‘Siemens-Review” articulates the Siemens’ 
corporate opinion on technical, economic, and 
social topics; it gives information about the aims 
and achievements of the entire company 
(including consolidated Siemens companies) — 
in particular, the innovations, development 
trends, and the solutions to specific customer 
problems. 

This publication is a top-management organ 
designed for managers and leading figures in 
economic, administrativ, and puplic positions as 
well as persons disseminating information. 


Technical Literature 


This selection of technical books is part of the publishing program of the Siemens press. All prices and data are subject to change. 
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Gumhalter, Hans 
Power Supply Systems in Communications Engineering 
Part 1: Principles 


1984, 230 pages, 200 figures, 9 tables, A5, softcover 
Retail price US$ 26.50 ISBN 0-471-90290-X 


Power supply systems and equipment are important constituents of 
every communications system. 

This first part describes the modern telecommunications power 
supply in detail, and in view of their importance, gives particular 
consideration to semiconductor devices and the circuits in which 
they are used. The same applies to the section on regulation and 
control. 


Contents 


Outline and Historic Development - The Requirements Com- 
munications Systems Place upon Telecommunications Power Sup- 
ply Systems - Operating Modes of a Direct Current Power Supply 
System - Operating Modes of an Alternating Current Power Sup- 
ply System - Public Mains — Conditions and Requirements - 
Energy Stores - Semiconductor Devices and Basic Circuits - 
Application of Control Engineering in Power Supply Equipment. 


Gumhalter, Hans 
Power Supply Systems in Communications Engineering 
Part 2: Equipment Engineering and Planning Instructions 


1985, 388 pages, 196 figures, 43 tables, A5, hardcover 
Retail price US$ 56.00 ISBN 0-471-90627-1 


The book presents a survey of systems incorporating thyristor and 
transistor controlled converters, as developed by manufacturers 
and applied by users; and it explains circuit techniques and rela- 
tionships with the aid of numerous illustrations. Other subjects 
covered include battery application, and earthing and protection 
techniques. 

‘‘Power supply systems in communications engineering” is 
intended for practising engineers and engineering students. 


Contents 


Central power supply equipment: Rectifiers with thyristor power 
sections - Switchboards, distribution boards and control panels - 
Compensating units - Examples of the application of thyristor- 
regulated rectifiers - Special features for communications system 
power supplies. 

Decentralized power supply systems: Rectifiers with transistor 
power sections - D.C.-to-d.c. converters - Inverters with transistor 
power sections. 

Energy storage devices - Stationary batteries - Stationary alkaline 
batteries - Design pointers - Maintenance - Installation of bat- 
teries. 

Earthing and potential equalization: Protective and functional 
earthing - Selection and design of earth and earthing systems - 
Design pointers for earthing systems - Protection against overvolt- 
age and interference. 

Protection methods: Protection by disconnection or indication - 
Protection without disconnection or indication. 


Braun, Gerhard 
Planning and Engineering of Shortwave Links 


2nd revised edition, 1986, 329 pages, 100 figures, 
24 tables, A 5, softcover 
Retail price US$ 30.90 ISBN 0-471-90868-1 


The introductory chapter on the ionosphere leads the reader into 
the subsequent data on the technical conditions required for suc- 
cessful shortwave links and the emission of reliable high-quality 
signals. Calculation of shortwave paths for both spacewave links 
over varying distances and groundwave transmission over differing 
types of ground is demonstrated with the aid of diagrams and 
examples. The final chapter compares the most widely used anten- 
nas for shortwave emitter and groundwave stations, and includes 
radiation diagrams of distance ranges. 


——_ 
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Schubert, Werner 
Communications Cables and Transmission Systems 


3rd revised edition, 1985, 224 pages, 69 figures, 7 tables, 
A5, softcover 
Retail price US$ 32.80 ISBN 0-471-90842-8 


The purpose of this book is to give those interesses in the 
engineering of communications cables a general idea of both the 
theories of transmission engineering and the technological prob- 
lems involved. Some of the techniques bordering this subject are 
also discussed. To give a clear but simple picture, and to ensure the 
book can be used as a convenient reference source for practical 
engineers, detailed descriptions of manufacturing process and the 
derivations of equations have been omitted. This third revised 
edition takes into account the changes due to technical progress as 
well as the position regarding guidelines and recommendations 
issued by national and international authorities. 


Wiesner, Lothar 


Telegraph and Data Transmission 
over Shortwave Radio Links 


Fundamental Principles and Networks 


3rd edition, 1984, 199 pages, 123 figures, 17 tables, A5, 
softcover 
Retail price US$ 20.50 ISBN 0-471-90599-2 


Shortwave methods are well exploited these days, and transmis- 
sion carried include meteorological information, news agency ser- 
vices, air traffic control authority communications and diplomatic 
messages, plus the ever increasing national and international telex 
services. Military and security authorities are also using shortwave 
systems, mostly over small radio stations offering shortwave sys- 
tems, mostly over small radio stations offering maximum economy 
for telegraph and data traffic. Operators and managers, engineers 
and services staff will find this book an all-embracing description 
of shortwave transmission systems. 
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2nd revised edition, 1986, 329 pages, 
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ISDN 3-8009- 1357-7 (Siemens AG) 
Order No. for Wiley: 0-471-90868-1 
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This book is a valuable account of the 
design, propagation and mathematical 
calculation of the parameters of short- 
wave links in the 1.5 to 30 MHz frequency 
band. The treatment is detailed and the 
emphasis on applications and practice. 


For engineers in telecommunications 
departments dealing with the planning 
and propagation of shortwave radio, 
sales engineers, students and teachers of 
electrical engineering, PPANNING AND 
ENGINEERING OF SHORTWAVE LINKS 
will prove a useful reference manual and 
study book. 


The introductory chapter on the iono- 
sphere leads the reader into the subse- 
quent data or the technical conditions 
required for successfull shortwave links 
and the emission of high-quality signals. 


Calculation of shortwave paths for both 


spacewave links over varying distances 
and groundwave transmission over dif- 
fering types of ground is demonstrated 
with the aid of diagrams and examples. 


The final chapter compares the most 
widely used antennas for shortwave emit- 
ter and groundwave stations, and 
includes radiation diagrams of distance 
ranges. 


Contents of the Book 


e Fundamentals 


e Technical Conditions 
for Shortwave Links 


e Calculation of Shortwave Paths 
for Sky-Wave Propagation 


e Calculation of Shortwave Paths 
for Ground Wave Propagation 


e Shortwave Antennas 
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